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Proteins of Green Leaves. I 


In consequence of these facts there is at present no satisfactory 
evidence of the nature of the compounds containing a large pro¬ 
portion of the nitrogen in the green leaves of any plant. The 
highly specialized physiological functions of the leaf Justify the 
expectation that it may contain constituents chemically unlike 
those found in other parts of the plant or in the cells of animal 
tissues. In how far such constituents belong to types of com¬ 
pounds peculiar to the leaf, or to types already well known, is 
scarcely known at present. It suffices merely to mention chloro¬ 
phyll to call to mind one such substance. No one can foretell 
how many others which are likewise peculiar to the leaf may be 
present. 

It is highly probable that the leaf is the seat of protein synthe¬ 
sis as already it is known to be the seat of carbohydrate synthesis. 
The close relations of amino-acids to carbohydrates and the known 
inversion of ketonic acids into amino-acids suggest chemical 
possibilities which deserve consideration. From this point of view 
^the protein of the leaf may represent the original protein from 
;:which all other kinds are foimed, either directly or indirectly. 

Up to the present time no recent publication dealing with the 
protein constituents of leaves has come to our attention. In the 
latter part of the 18th and the early part of the 19th century the 
fact that the green parts of living plants contain protein was rec¬ 
ognized by several observers and to a small extent attempts were 
made to study this. Later when it was found, that protein could 
-bcso much more easily isolated from seeds attention was diverted 
fromthe leaf Apart from numerous attempts to apply conven¬ 
tional methods for distinguishing non-protein nitrogen from pro¬ 
tein nitrogen in leaves and green plants, little appears to have been 
done to increase our knowledge of this subject. 

Botanists have made microscopic studies of leaves and other 
parts of plants which furnish some facts of interest respecting 
their protein constituents, but at present these reveal little re- 
^specting their chemistry or value in nutrition. We, have not 
been able to find that any one has yet isolated the pfetein, as 

^ For a discussion of this early history see Osborne, T. B., The vegetable 
proteins, Monograph on biochemistry, London, New York, Bomlfay, and 
"""“Calcutta, 1909. 



THE PROTEINS OF GREEN LEAVES.^ 


I. SPINACH LEAVES. 

By THO^IAS B. OSBORNE and ALFRED J. WAKEMAN. 

With the Cooperation of Charles S. Leavenworth and Owen L. 

Nolan. 

•‘From, the Lahoratorij of the Connecticut Agricultural Experiment Station^ 

S^eiv Haven.) 

(Received for publication, March 5, 1920.) 

INTRODUCTION. 

For many years it has been the practice of agricultural chemists 
to state the proportion of protein which the cells of the green 
leaves contain. These proportions have been determined, how- ■ 
ever, by conventional methods and, apparently, in no case has 
any corresponding quantity of protein been isolated and identified 
by suitable chemical methods. The reason for our present meager 
knowledge of the protein constituents of living plants is chiefly 
due to the difficulties encountered in separating the contents of 
the ceils from their enveloping walls. Attempts to grind 
fresh leaf and extract the contents of the cells with water result 
in mixtures that cannot be filtered clear and consequently appear 
to present no opportunity to obtain the protein in a state fit for 
chemical examination. Attempts to extract dried leaves with 
water yield solutions containing only a part of the total nitrogen 
and most of this soluble nitrogen does not belong to protein. 
Such solvents as are usually used for extracting proteins from 
animal tissues, or from seeds, fail to dissolve much of the residual * 
nitrogen.'" 

The expenses of this investigation were shared by the Connecticut 
x4gricultural Experiment Station and the Carnegie Institution ■ of Wash¬ 
ington, Washington, D. G. 
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such, from leaves in a condition suitable for studying its amino- 

acid make-up or its nutritive value. 

The experience which we have had in the past in studying the 
proteins of seeds, and the improved methods now available for 
dealing with proteins, prompted us to make this investigation 
which finally showed how most of the protein can be easily sep¬ 
arated from the fresh leaf. 

Although preparations thus obtained doubtless are mixtures of 
several individual proteins they are more suitable for a study of 
the nutritive value of the total protein furnished by the leaf 
than would be any single protein contained in this mixture. We 
have consequently postponed attempts to make more detailed 
studies of them. 


The Fresh Green Leaves. 

Spinach leaves were employed for the present investigation 
because these contain more nitrogen than do most other leaves, 
and also because a fresh supply can be obtained throughout the 
greater part of the year. The fresh leaves consist of cells filled 
with C3rfcoplasm, an apparently amorphous jelly-like substance, 
within which can be seen the nuclei and nucleoli of the cells, the 
chloroplasts, and also minute particles of unknown character. In 
addition the vacuoli and the water-conducting cells are filled with 
sap, a fluid containing substances doubtless in true solution. 
WTien the walls' of the cell are broken by grinding, its contents 
are liberated and a mixture of the nuclei, chloi'oplasts, cytoplasm, 
sap, debris of cell walls, etc. is obtained. The parts contributing 
to this mixture are no longer in the same, relation to one another 
as when intact within the living cell; they form an amorphous 
mixture, in which the components ho longer can be recognized 
under the microscope. When this mixture is diluted with one or 
two volumes of water and either centrifuged’ at high speed or 
passpd through coarse filter paper, an opaque green| slightly viscid^ 
fluid is obtained and also a residue, consisting chiefly of the cell 
walls. Although the fluid part is very opaque and looks as if it 
contained much suspended solids, microscopic examination re¬ 
veals nothing except extrem^j-iniahte, 8ca3&^what 

larger, spherical particl03^i)l ^ 
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can a fragment of tlie disintegrated chloroplasts be seen. Appar- 
entl}^ tlie fluid passing the filter contains practically nothing eX“ 
cept the soluble and the amorphous, colloidal constituents of the 
cell contents. If the grinding is thorough enough the filtered 
fluid may contain all the contents of the cells, while the solids 
retained by the paper are seen to consist only of the walls of the 
cells and the various ducts. 

On a large scale it is impossible to grind the leaves so thoroughly 
that all the cells are disintegrated, but it is not difficult to grind 
them in a iSlixtamal mill so thoroughly that the filtered solution 
will contain by far the greater part of the cell contents. 

Addition of alcohol equivalent to one-fifth of this filtered mix¬ 
ture produces a bulky dark green precipitate which separates, 
leaving a green, slightly turbid solution. After separating this 
precipitate with the centrifuge the further addition of alcohol to 
one-third of the volume of the original extract yields another 
large green precipitate and a solution W'hich can be easily filtered 
clear. On washing these green precipitates with strong alcohol 
chlorophyll and other substances are easily removed, leaving an 
almost colorless residue. When this is treated with ether a deep 
yellow extract is obtained which on evaporation leaves a semi¬ 
solid fatty residue. The precipitates thus washed when air-dry 
are nearly colorless, friable products containing about 14 per cent 
of nitrogen, calculated ash-free. 

A considerable part of the first precipitate is not soluble at 
room temperature either in an aqueous or in a 60 per cent alco¬ 
holic solution containing 0.2 to 0.3 per cent sodium hydroxide, 
although such solutions readily dissolve most types of proteins. 
If, hovrever, the temperature of such an alcoholic solution is 
raised to boiling nearly all tins precipitate dissolves. When the 
resulting solution is neutralized with acid most of the dissolved 
substance is precipitated and is then readily soluble at room tem¬ 
perature in a very slight excess of either acid or alkali. This 
behavior suggests that the protein was originally combined with 
other substances from w'hich it is set free by hydrolysis with alkali. 
Proof of this, however, has not been obtained. 

The second precipitate behaves like ordinary proteins, being 
almost completely soluble in cold dilute aqueous alkalies. Since 
in the original extract the protein in *both the first and second 
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precipitates apparently exists in colloidal rather than in true 
solution, for convenience we shall refer to it as the ^ ^colloidal 
protein.’^ 

At least 40 per cent of the total spinach nitrogen belongs to this 
colloidal protein; about one-third to substances which are sol¬ 
uble in water; and a comparatively small part of the other fourth 
of the nitrogen belongs to chlorophyll, phosphatides, etc., soluble 
in strong alcohol; and presumably a part of the remainder to 
nucleic acid. 

Since this colloidal protein is so readib^ precipitated by a rela¬ 
tively small proportion of alcohol while at the same time most of 
the chlorophyll, phosphatides, etc., which were previously insol¬ 
uble in pure ether, become soluble therein, it seems possible that 
within the cell these and possibly other substances exist in chem¬ 
ical union as a complex which forms a colloidal solution extreme^ 
sensitive to the action of alcohol. If this is so the solubility and 
other properties of the constituents of this complex give no idea 
of their chemical or physical properties as they are combined 
within the cell. We have long been familiar with similar combi¬ 
nation of protein with lecithin in the yolk of hen’s eggs. When 
these are mixed with a strong solution of sodium chloride and 
shaken with ether until freed from all that is soluble therein 
an aqueous solution is obtained which can be filtered easily. 
The clear filtrate yields an abundant precipitate of protein when 
salts are removed by dialysis and this precipitate dissolves cmn- 
pletely in salt solution and can be reprecipitated and redissolved 
without giving any indication of the presence of phosphatides or 
fats. If, however, it is washed with alcohol more than 20 per 
cent of its dry weight is dissolved and this alcoholic solution 
contains phosphatides and fats which in our opinion were pre¬ 
viously chemically combined with the protein. We suspect that 
similar combinations exist within the cell plasma of the leaf. 

The residue of the cell walls, etc. contained about 16 per cent 
of the total nitrogen of the leaves, from which it seems fair to 
infer that about SI per cent of the substance of the ceil contents 
was mechanically removed by the method of disintegration de¬ 
scribed. Evidence was obtained that most of the nitrogen in 
. this residue of the cell walls, etc. belonged to constituents of 
unruptured cells, or of those from which the contents had not 
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been completely removed and was consequent!}^ protein nitrogen. 
As a result of this investigation it was found that about one- 
fourth of the solids of the spinach leaf is protein, and that oiie- 
fouxth of its total nitrogen belongs to non-protein substances- 
soluble in water. 

The dry solids of the spinach leaf are much richer in protein than 
are any of the cereals and, in fact, some of the commercial protein 
concentrates such as bran, middlings, etc. If we remember that 
the cells of leaves are physiologically among the most active 
that we know it should not surprise us to discover that the chem¬ 
ical constitution of their contents'is much like that of the cells 
of active animal tissues. The large proportion of water and 
cell walls makes the leaf appear to be a relatively poorer source 
of true nutrients than it actually is. If, however, we can learn 
to separate the contents of the cell from these we shall obtain 
a food product of very great value. This does not seem to be 
unattainable by means less complicated than those employed 
in flour milling. What may be the practical possibilities of con¬ 
centrating and better utilizing the cell contents of leaves, such, 
for instance, as alfalfa, cannot be predicted, but the subject 
seems well worth considering. 

EXPERIMENTAL. 

1 kilo of the fresh leaves was ground by passing through a Nixtamal 
mill seven times. After adding 1,300 cc. of distilled water and passing 
through the mill three more times, most of the cells were ruptured and 
their contents suspended, or dissolved, in the fluid. From the results of 
analyzing a small aliquot of this mixture it -was estimated that the ground 
leaves, which were treated in the way next described, contained 104.2 
gm. of solids, dried at 107°, 6.0 gm. of nitrogen, and 19.3 gm. of ash. The 
mixture of ground leaves and water was centrifuged at high speed and the 
opaque, green fluid decanted from the coherent solids. These latter were 
washed by grinding again wuth 1,000 cc. of distilled water and centrifuged. 

Preedpitation with Alcohol ,—^After repeating this last treatment the 
three turbid solutions were each separately mixed with about one-fifth of 
their volume of 95'per cent alcohol. A large flocculent, dark green precipi¬ 
tate separated at once from the main extract, leaving a slightly turbid, 
green solution, but precipitates did not separate from the wmshihgs until 
a little sodium chloride was added. The precipitate from the second 
washings was small, showing tbat the extraction of the residue was nearly 
complete. 
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These precipitates^ A, were separated by centrifuging, united, and 
washed with alcohol until the chlorophyll was removed. The alcoholic 
washings contained 4.4 gm. of solids, dried at 107°, 0.5 gm. of ash, and 
0.1 gm. of nitrogen. The ash-free solids equalled 3.9 gni. Precipitate A 
was then washed with ether, which removed 0.8 gm. of a yellow semisolid 
grease, sparingly soluble in cold ether,- but in boiling ether readily yield¬ 
ing a solution which gave an abundant precipitate when poured, into acetone 
(lecithin ?). 

Thus w-ashed wuth alcohol and ether, Precipitate A was dried in the air 
at room temperature. It contained 0.5 gm. of ash, 1.1 gm. of nitrogen, and 
0.034 gm. of phosphorus; its w^eight, ash- and moisture-free, was 7.9 gm. 

hlore alcohol w^as added to the filtrates from Precipitate A produced 
by one-fifth volume of alcohol, until the volume was equal to one-third 
that of the original extract. This caused a second fiocculent green precip¬ 
itate, B, in each solution. These precipitates were united and w^ashed 
with alcohol until the chlorophyll was removed. The alcoholic washings 
contained 2.2 gm. of solids, dried at 107°, 0.1 gm. of ash, and 0.04 gm. of 
nitrogen. The ash-free solids equalled 2.1 gm. 


TABLE I. 



Precipitate A. 

Precipitate B. 


'per cent 

per cent « 

Ash,... 

7.4 

1 ■ 0.2 

Nitrogen. 

12.9 = 13.7 ash-free. 

14.9 = 14.9 ash-free. 

Phosphorus. 

0.4 = 0.4 

o 

11 

o 

05 


Precipitate B was then washed with ether w^hich extracted 0.5 gm. of a 
jdeep yelloAv grease. This appeared to contain more of the yellow oil and 
less of the colorless lecithin than did the ether extract of Precipitate A. 
Thus washed and dried in the air at room temperature, Precipitate B con¬ 
tained 0.03 gm. of ash, 1.6 gm. of nitrogen, and 0.022 gm. of phosphorus. 
The ash-free substance, dried at 107°, equalled 10.4 gm. 

Since Precipitates A and B formed so much of the total solids of the leaf 
and appeared to consist mostly of protein they deserve special examination. 
The figures given in Table I facilitate a comparison of the data Just given. 

Probably Precipitate A contained more ash and less nitrogen than Pre¬ 
cipitate B, because it carried down fine particles suspended in the turbid 
extract. 

When hydrolyzed by boiling with 20 per cent hydrochloric acid for 14 
hours these precipitates showed proportions of nitrogen in different forms 
as given in Table II. 

The distribution of nitrogen among the several types is similar to that 
of most proteins with the exception of the humin nitrogen which is so very 
much greater as to suggest the presence of carbohydrate. 
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Examinatio?i of ike Precipitates. —Although these figures indicate that 
Precipitates A and B consisted largely of protein they afford no satisfactory 
basis for an estimate of its actual proportion. Accordingly 3.48 gm. of 
Precipitate A and 4.67 gm. of Precipitate B were dissolved as far as possible 
by agitating with about 200 cc. of 0.2 per cent sodium hydroxide solution 
and removing the undissolved part by centrifuging. After repeating this 
extraction five successive times the clear alkaline solutions were united 
and neutralized with dilute hydrochloric acid. The precipitate which 
separated was washed with dilute alcohol, then with ether, and dried at 
107 ^ 

In the united filtrate and w^ashings organic matter and nitrogen were 
determined. After removing alcohol, protein also w^as determined in this 
solution by saturating with ammonium sulfate. The difference between 
the total nitrogen and the ammonia nitrogen in the solution of the precip¬ 
itate produced by the sulfate show^ed that 0.17 gm. of protein (N X 6.25) 
which had not been precipitated by neutralizing was present in this filtrate. 
The total organic solids in this filtrate weighed 1.5390 gm., hence at least 


TABLE II. 



Precipitate A. 

1 .. . . 
Precipitate B. 

Nitrogen as ammonia... 

per cent 

7.9 

22.5 

7.5 

62.1 

per cent 

7.2 

24.2 

5.0 

63.6 

Basic nitrogen... 

Humin .^ 

Other (by difference).' 

Total.. 

100.0 

100.0 



1.37 gm. or 16.8 per cent of non-protein organic matter must have beeii 
present in Precipitates A and B before treatment with the aqueous alkali. 
This filtrate contained O.OS gm. of nitrogen of which 0.03 gm. was precip¬ 
itated by saturating wdth ammonium sulfate from which it appears that 
non-protein nitrogenous matters also w'ere present. A portion of this fil¬ 
trate was hydrolyzed by boiling with 1 per cent hydrochloric acid for 2 
hours and sugar estimated by reduction of cupric oxide. It was thus de¬ 
termined that the entire filtrate contained carbohydrate equal to 0.09 gm. 
of dextrose, or 0.10 gm. of xylose, or 0.08 gm. of xylan, from wiiich it would 
appear that no considerable quantity of carbohydrate w'as present. 

The residues wdiich failed to dissolve in the aqueous alkaline solutions 
W’ere extracted three successive times by boiling for a few" minutes wdth 
60 per cent alcohol containing 0.3 per cent sodium hydroxide. The last 
ext'Tact yielded no precipitate W"hen neutralized wdth acid. The tw’o first 
clear extracts w^ere neutralized with hydrochloric acid, and the precipitates 
w^ashed first w"itli dilute, then with strong alcohol, and finally with ether, 
and dried at 107^ Nitrogen and organic matter were determined in the 
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precipitates and also in the filtrates and washings. The residues which 
failed to dissolve in the hot alkaline alcohol were washed with alcohol and 
ether and dried at 107^. Table III gives the results obtained. 

These figures show that while 96 per cent of Precipitate B was soluble in 
aqueous alkali only 56 per cent of Precipitate A dissolved therein. Most 
of the insoluble part, however, did dissolve when boiled with the alkaline 
alcohol. Not all the nitrogen dissolved by the alkaline solutions was pre¬ 
cipitated by neutralizing, for the filtrates contained nitrogen, a part of 
which was protein nitrogen precipitable by saturating with ammonium 
sulfate as has just been shown. While Precipitates A and B unquestion¬ 
ably contained some non-protein substance, 72 per cent of the ash-free sub¬ 
stance of Precipitates A and B combined was recovered in the neutraliza¬ 
tion precipitates. 

TABLE III. 


Precipi- Preeim- 
tate A. tate B. 


Aqueous alkaline extracts! 


Precipitate^ 


Filtrate.... 


Alcoholic “ 


Insoluble residue. 


Filtrate.... 


fOrganic matter. 

4.571 

[Nitrogen. 

0.697 

fOrganic matter. 

1.539 

[Nitrogen. 

0.1 

378 

fOrganic matter. 

0.950 

0.095 

\ Nitrogen. 

0.145 

0.014 

fOrganic matter. 

0.267 

0.048 

[Nitrogen.. 

0.028 

? 

fOrganic matter. 

0.293 

0.053 

1 Nitrogen. 

0.012 

0.002 

[Ash. 

0.091 

? 


gm. 


The precipitate produced by neutralii^mg the united aqueous alkaline 
solutions of Precipitates A and B contained 1.47 per cent of ash, 15.25 per 
cent of nitrogen, and 0.09 per cent of phosphorus, calculated for the dry, 
ash-free substance. Wlien hydrolyzed by boiling with 20 per cent hydro¬ 
chloric acid for 14 hours proportions of the different forms of nitrogen were 
found as given in Table IV. 

These figures agree quite closely with those found for Precipitate B and 
show that after solution in alkali and reprecipitation with acid the rela¬ 
tively low nitrogen content of this protein remains the same. This fact, 
together with the large amount of humin nitrogen, suggests that the pro¬ 
tein may either be combined with, or contaminated by, carbohydrate or 
else with some group containing carbohydrate. A determination of pen- 
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tose by distillation with hydrochloric acid gave a phlorogliicin precipitate- 
equal to 2.7 per cent of the protein as pentose or to 2.4 per cent as pentosan'^ 
The uniform percentage of nitrogen found in the neutralization precip¬ 
itates from the aqueous alkali, the alcoholic alkali, and, as will be sho'wn 
later, from alkaline alcoholic extracts of another lot of dried spinach leaves 
(see p. 19), namely 15.25, 15.27, 15.52, and 15.41 respectively, indicates- 
that some non-protein substance may be combined rather than admixed 
with the protein. A critical examination, however, of larger quantities^ 
of this protein will be needed to settle this question. 

The Watcr-Soluhle Co7istitue7its of the Leaves ,—The united filtrates from 
the precipitate produced by one-third volume of alcohol measured 7,115 
cc., a volume so large, in comparison with the amount of water-soluble 
constituents of the leaves, that there is little probability that any sub¬ 
stances, actually soluble in water, were precipitated by the alcohol. 

This solution was concentrated in vacuo, below 65°, to 2,650 cc. During 
concentration a very little substance separated which was not removed. 


TABLE IV. 



Total N. 

Protein. 

Nitrogen as ammonia. 

•per cent 

7.50 

per cent 

1.32 

Basic nitrogen. 

22.49 

3.96 

Humin .. 

5.97 

1.05 

Other (bv difference).i 

64.04 

8.92 


Total.... 

100.00 

15.25 



Determinations made on aliquots of 500 cc. showed that the entire solution 
contained 2.07 gm. of nitrogen, and, after deducting the sodium chloride- 
which had been added, 45.57 gm. of solids containing 15.69 gm. of ash. The 
ash-free solids, therefore, were equal to 29.88 gm., and the total solids tO' 
43.7 per cent of the leaves dried at 107°. 

The remainder of this solution was saturated with ammonium sulfate,, 
the precipitate treated with water, and the insoluble part removed by cen¬ 
trifuging, washed thoroughly wdth water, alcohol, and ether, and dried at 
107°. 

In terms of the entire water extract this insoluble fraction weighed' 
1.76 gm., and contained 0.22‘7 gm. of nitrogen and 0,102 gm. of ash ~ 5.8' 
per cent of the fraction. The ash-free substance, w'hich was almost com¬ 
pletely soluble in dilute alkali and gave a good biuret reaction, weighed 
1.66 gm. and contained nitrogen equal to 1.42 gm. of protein (N X 6.25) or 
do 85 per cent of the •organic matter. Presumably this was mostly protein 
tendered insoluble in water by the treatment to which it had previously 
'been subjected. 
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The solution of the ammonium suKate precipitate was again saturated 
with this salt," and the precipitate freed as far as possible from sulfate by 
pressing between filter papers, and then dissolved in water. The difference 
between the total nitrogen and the ammonia nitrogen found in the solution, 
representing nitrogen of proteoses, was 0.286 gm., calculated for the whole 
water extract, or 1.79 gm. of proteose (N X 6.25), 

The Lmoliible Residue of the Leaves .—The microscope showed that the 
residue of the spinach leaves, which had been extracted three times with 
water, as already described, consisted chiefly of broken walls of cells and 
ducts. Among these were a few^ unruptured cells and some broken cells 
still retaining a part of their original contents. It was evident that the 
latter had been largely, though by no means completely, removed. This 
residue was then washed vrith alcohol and ether until chlorophyll was ex¬ 
tracted. These washings contained 0.0S3 gm. of nitrogen, 3.212 gm. of 
solids, and 0.40 gm. of ash. The ash-free solids equalled 2.812 gm. 

The washed residue, when dried at room temperature in the air, formed 
an almost perfectly white powxler, equal to32.25 gm., dried at 107°, and con¬ 
tained 0.960 gm. of nitrogen and 4.15 gm. of ash. 

A quantity of this cell residue, equal to 9.243 gm., dried at 107°, was 
boiled ■with 500 cc. of 1 per cent hydrochloric acid for 4 hours and, after 
centrifuging, the residue was treated twice more in the same way. Pento¬ 
sans and insoluble proteins w^ere thus converted into soluble products by 
this mild hydrolysis. The solution contained S.Oo gm. of organic solids, 
0.234 gm, of nitrogen, equal to 17.79 gm. and 0.81 grq. respectively in the 
entire residue. Hydrolysis had, therefore, rendered soluble 55.1 per cent 
of the solids and 85.0 per cent of the nitrogen. The part still undissolved,, 
after washing with water and drying at 107°, weighed 2.636 gm. equal to 9.2 
gm., calculated for the entire cell residue, or to 8.8 per cent of the spinach 
leaves. This residue contained 0.7,gm. of ash and 0.11 gm. of nitrogen 
equal to 0.67 gm. of protein, calculated for the original cell residue. De¬ 
ducting these, the ash- and protein-free residue was equal to 7.5 per cent 
of the spinach leaves. This is decidedly more than the 5.5 per cent of 
crude fiber found in another sample by the conventional method of the 
agricultural chemists^ The part undissolved by the boiling dilute acid also 
contained 0.031 gm. of nitrogen, equal to 0.108 gm. in the entire cell resi¬ 
due, or to 1.8 per cent of the nitrogen of the fresh spinach leaves. 

The first acid extract, which contained 94 per cent of the total soluble 
solids and 92 per cent of the soluble nitrogen, was concentrated in vacuo to 
one-tenth of its volume. A considerable precipitate separated which 
partly dissolved on washing with water. The undissolved part, dried at 
107°, weighed 0.747 gm. and consisted largely of inorganic matter. The sol¬ 
uble part reduced cupric oxide equivalent to 7.4 gm. of xylose calculated 
for the entire residue. If the second and third acid extracts contained the 
same proportio-n of xylose as did the first extract, the total xylose would be 
7.5 gm., equal to 6.5 gm. of xylan. 

Of the total nitrogen 19.4 per cent was free amino nitrogen and 4.9 per 
cent ammonia nitrogen. After boiling with 20 per cent hydrochloric acid 
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for 10 lioiirs the amino nitrogen was increased to 56.1 per cent of the total 
and the amiiionia nitrogen to 7.4 per cent. These proportions are like those 
yielded by the colloidal protein and indicate that most of the nitrogen ex¬ 
tracted from the cell residue by boiling with dilute acid w^as derived from 
this protein. Assuming this to be the case the total protein thus extracted 
w^ould be equal to 5,10 gm. calculated for the entire cell residue. The pro¬ 
tein and xylan thus estimated together are equal to 11.65 gm., leaving 6.14 
gm. of organic substances of undetermined nature, or 5.9 per cent of the 
spinach leaves. 

Table Y summarizes the results of the preceding analysis of the fresh 
spinach leaves. 

TABLE V. • 



Solids ash-free. 

Nitrogen. 


gm. 

gm. 

Soluble in alcohol and ether: 



ChlorophvH, lecithin, fat, etc . 

10.1 

0.24 

Soluble in winter: 



Proteose (N X 6.25). 

1.8 

0.29 

Coagulable protein. 

1.4 

0.23 

Non-protein organic substances. ; 

26.7 

1.56 

In colloidal suspension in w'ater.^ 

18.3 

2.62 

Extracted bv boiling 1 per cent HCl.^ 

17.8 

0.81 

Residue of cell -wails, etc . ; 

9.2 

0.11 


85.3 


Inorganic substances.....' 

19.3 


Total. ■ . 

104.6 

5.86 




Taken for analvsis. 

104.2 

6.02 


We have sliovni that the precipitates produced by ajcohol in the original 
turbid extracts consist chiefly of protein and, judging from their phos¬ 
phorus, contain very little nucleic acid. We shall, therefore, not be far 
from the truth in estimating this protein by multiplying the nitrogen of 
these precipitates by 6.25. We have also shown that substances reducing 
copper oxide equal to 6.54 gm. of xylan and nitrogen, probably mostly of 
protein origin, equal to 5.1 gm. of protein are extracted from the residue 
of ceil walls by boiling 1 per cent hydrochloric acid. The sum of the pen¬ 
tosan and protein, thus calculated, subtracted from that of the total 
organic solids of the acid extract gives 6.14 per cent of organic sub¬ 
stances of still unknown character. The nature of the small amount of the 
nitrogenous substance remaining in the residue after extracting with boil¬ 
ing 1 per cent hydrochloric acid was not determined, but we ha\^e assumed 
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that this was protein. Table VI gives the calculation of the results of this 
analysis in percentage of ash-free substances in the fresh spinach leaves. 

These figures show that about one-fourth of the solids, as "well as of the 
nitrogen, of the fresh spinach leaf belongs to non-protein, water-soluble 
substances, the nature of w’hich has not yet been determined. Only a very 
small part of these contains the R-CONHo group because the ammonia, 
obtained by boiling the dried leaves vdth 60 per cent alcohol containing 
0.3 per cent sodium hydroxide, amounted to only 1.6 per cent of the total 
nitrogen. About 17 per cent of the nitrogen in the water-soluble, non-pro¬ 
tein substances is free amino nitrogen. 


TABLE VI. 



Solids ash-free. 

Nitrogen, 

Soluble in alcohol and ether: 

Chlorophyll, lecithin, fat, etc . 

per cent 

9.7 

per cent 

4.0 

... able in water: 

Proteose (N X 6.25). 

1.7 

4.8 

Coagulable protein (N X 6.25). 

1.4 

3.8 

Non-protein organic substances. 

25.6 

25.9 

In colloidal suspension in water: 

Protein (N X 6.25).. 

15.7 

43.5 

Non-protein substance (pentosans ?). 

1.8 

Extracted by boiling 1 per cent HCl: 

Protein (N X 6.25). 

4.9 

I 13.6 

Pentosans (xjdan). 

6.3 

Other organic substances. 

5.9 


Insoluble residue: 

Protein (N X 6.25). 

0.6 

1.7 

Cellulose, etc . 

7.5 



Inorganic substances. 

81.1 

18.5 

i 



Total....... 

99.6 

97.3 



How much of the remaining three-fourths of the nitrogen belongs to 
protein is not precisely established by the data here presented, but it is 
certain that the proportion of non-protein nitrogen is small. Most of the 
nitrogen of the Precipitates A and B, produced by alcohol as already shown, 
unquestionably belongs to protein. The small amount of phosphorus 
found in them limits the proportion of nucleic acid to not more than 3 
or 4 per cent of these precipitates. 

We have already given reasons for believing that most of the nitrogen in 
the cell residue belongs to protein. In so far as this nitrogen is derived 
from broken cells it is likely that most of the water-soluble protein escaped 
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and passed into solution; and in so far as it is derived from unbroken ceils 
very little can be assigned to water-soluble proteins because these contain 
so small a proportion of the total nitrogen of the leaf. Consequently we 
shall not be far from right in assuming that all this nitrogen belongs to the 
colloidal protein which had escaped extraction through failure to break 
up all the ceils by grinding. The proportion of the different proteins in the 
fresh spinach leaves can be stated to be approximately as follows: 

Dry leaf. 

per cent 


Proteose. 1.7 

Coagulable protein. 1.4 

Colloidal 21.3 

Total protein.24.4 


From these figures it appears that the spinach leaf must be regarded as 
a food rich in protein. 


The Dried Leaves, 

Since many green foods, such as alfalfa or clover, consist chiefly 
of leaves and when dried and cured are fed as hay it seemed 
desirable therefore to examine the spinach leaves after they had 
been dried in a current of warm air below 60^ and to compare the 
results obtained with those ydelded by the green fresh leaves. 
Unfortunately, no supply of the lot of leaves used in the fresh 
state w’as available and it was necessary to use leaves which had 
been gathered early in the summer and were much less mature. 
As we intend later to apply the methods developed in this pre¬ 
liminary investigation to leaves of greater agricultural import¬ 
ance we have decided to publish the results which we obtained, 
because they show that drying at a low temperature has far less 
effect than one might expect on the nature or solubility of the 
constituents of the leaves. 

The proportion of substances soluble in water is a little greater 
in the dried leaf than in the green, both protein and non-protein 
substances contributing to this small excess. The distinctly 
greater amount of proteose found in the extract of the dried leaf 
compared with the fresh indicates a slight autolysis during drying- 
but proof that such a change actually occurs can only be secured 
by comparing the results obtained with parts of the same sample. 
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__ The percentage of the non-protein organic substances extracted 
from the dried leaves with winter is the same as that remaining in 
solution after precipitating the turbid extract of the green leaves 
by the addition of one-third volume of alcohol. In both cases 
the percentage of the total nitrogen soluble in w^ater is also alike. 
The amount of the colloidal protein obtained from these two 
sources wms likewise nearly the same. 

The results of this comparison justify the conclusion that data 
obtained with leaves carefully dried at a low temperature closely 
represent the composition of the leaf in its freshj green condition. 

EXPEBIMENTAL. 

The leaves, with about If iuches of stems attached, were carefully 
washed and dried in a current of warm air at a temperature not exceeding 
60®. They were then ground to a very fine powder and successively ex¬ 
tracted with ether, alcohol, and boiling "water as follows: 

Ether .—Two lots, I and II, of the air-dry spinach leaves were used. 
Each contained 18.22 gm. of solids, 0.866 gm. of nitrogen, and 4.44 gm. 
of ash, calculated for the leaves dried at 107®. Lot I was dried in the ex¬ 
traction capsule for 14 hours at 100®. It was covered with a plug of absorb¬ 
ent cotton, likewise dried, and extracted in the Soxhlet apparatus from 
which all moisture was removed by drying in the oven. The spinach leaves 
were then continuously extracted for 18 hours with ether which had been 
•distilled over sodium. For comparison, Lot II in the air-dry condition 
was extracted with ordinary u.s.p. ether for the same time. 

Alcohol .—Lot I was next extracted with absolute alcohol, Lot II with 
ordinary commercial alcohol, containing 6.5 per cent of water. 

Boiling Water .—^After thus removing everything soluble in ether, as 
well as in alcohol, Lots I and II were each extracted with about 400 cc. of 
boiling water five successive times, the residues being separated by centri¬ 
fuging at high speed. The united extracts were concentrated to 500 cc. 
and nitrogen, solids, and ash determined in aliquots. The results of these 
extractions are given in Table VII. 

The solids thus extracted by these several solvents were equal to per¬ 
centages of the dried spinach leaves as shown in Table VIII. 

The nitrogen extracted was equal to percentages of the total nitrogen 
of the dried spinach leaves as given in Table IX. 

The spinach leaves contained 22.51 per cent of ash. The percentages of 
the total mineral matters extracted are given in Table X. 

These figures show that these solvents extracted about one-half of the 
solids, one-fourth of the nitrogen, and nine-tenths of the mineral constit¬ 
uents. 

Pure Ether .—^Pure ether extracts nitrogen equivalent to 0.33 per cent 
of chlorophyll (X X 16.2) in the dry spinach leaves, or about 10 per cent 
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TABLE \TI 



I. Pure ether. 

II. u. s. 

p. ether. 


gm. 

1 per cent 

grn. 

per cent 

Solids... 

0.53S9 

2.96 

0.8545 

4.70 

Nitrogen. i 

0.0036 

0.02 

0.0100 

0.06 

Ash. 

0.0093 

0.06 

0.0162 

0.09 


I. Absolute alcohol. 

i i 

II. 93.5 per cent alcohol. 

Solids. 

0.6255 

3.43 

1,0216 

5.59 

Nitrogen. 

0.0168 ■ 

0.09 

0.0486 

0.21 

Ash. 

0.0843 

0.46 

0.1851 

1.01 


* 1 

I. Boiling water. j 

i 

IL Boiling water. 

Solids. 

S.loOO 

1 

44.73 

7.5940 

41.51 

Nitrogen...... 

0.2190 

1.20 

0.1860 

1.02 

Ash. 

3-9375 

21.61 

3,7970 

20.84 


TABLE TUI. 

Percentage of Solids Extracted from Dried Sj>mach Leaves by Various 


Successive Solvents, 

Lot 1. 

Lot II. 

Ether, pure. 

100 per cent alcohol,... 
Boiling water. 

per cent ‘ 

. 2,96 

. 3.43 

..... 44.73 

Ether, u.s.p. 

93,5 per cent alcohol. 

Boiling water. 

per cent 

. 4.70 

. 5 59 

. 41.51 

Total.. 

. 51.12 

.. 51.80 


TABLE IX, 

Percentage of the Total Nitrogen Extracted from Dried Spinach Leaves by 
'Various Successive Solvents. 


Lot I. 


per cent 


Ether, pure. 0.40 

100 per cent alcohol. 1.94 

Water. 25.29 


27.63 


Lot II. 


per ce«-l 


Ether, tj.s.p . 1.15 

93.5 per cent alcohol. 5.61 

Water. 21,48 


28.24 


Total 
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of tlie solids soluble in pure, dry ether. Commercial u.s.p. ether extracted 
about three times as much nitrogen from the air-dry leaves' as did dry 
ether. In terms of ciilorophyii this would equal about IS per cent of the 
solids extracted or 0.85 per cent of the leaves. Assuming that all this 
nitrogen belongs to chlorophyll, 2.63 and 3.85 per cent respectively would 
belong to other substances extracted by the two kinds of ether. It is evi¬ 
dent that the alcohol and water in the u.s.p. ether has a marked effect 
on the • solubility of these lipoids and but little on that of the inorganic 
matters. 

Absolute Alcohol .—^Absolute alcohol, after pure ether, extracted only 2.3 
per cent of the spinach nitrogen. If this were all chlorophyll nitrogen 
about 1.5 per cent of the leaves, or about 43 per cent of the total solids 
of the alcoholic extract, might be chlorophyll. Since the solids extracted 
by absolute alcohol contained 13.5 per cent of mineral matter it is X->ossible 
that, besides chlorophyll, salts or inorganic acids are also* removed. The 
solids extracted by absolute alcohol dissolved readily in ether, although 


TABLE X. 

Percentage of the Total Mineral Ash Extracted from Dried Spinach Leaves 
by Various Successive Solvents. 


Loti. 

Lot II. 

Ether, pure. 

100 per cent alcohol. 

Water..... 

per cent 

.... 0.21 
.... 1.90 
88.70 

Ether, u.s.p. 

93.5 per cent alcohol.... 
Water.. 

per cent 

. 0.36 

. 4,17 

. 85.52 

Total... 

.... 90,81 

..90.05 


ether-soluble substances had previously been very completely removed. 
When this ether solution was poured into an excess of acetone a coherent 
deposit formed oh standing, which, when treated with ether, was not 
completely soluble. On centrifugation a greasy sediment formed which, 
for the most part, was soluble in absolute alcohol. 

Apparently the excess of nitrogen removed by commercial alcohol be¬ 
longs to substances soluble in boiling water, because the leaves previously 
extracted with pure ether and then with absolute alcohol, when exhausted 
with boiling water, yielded extracts containing a correspondingly greater 
amount of nitrogen. The excess of nitrogen extracted by commercial 
ether over that extracted by pure ether possibly belongs mostly to chloro- 
phyll set freei>y the alcohol which the commercial ether contains, 

Dold Water ,—The residue remaining after extracting with ether, alcohol, 
and boiling water contained nearly three-fourths of the nitrogen of the 
leaf. Since this residue had been boiled with water it wms not suitable for 
further examination of its proteins. Accordingly, after extracting dry 
spinach leaves with absolute ether and then with absolute alcohol, 20 gm, 
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of the dry residue (equal to 20.2 gm. of the original dry leaves and con¬ 
taining 0.95 gm. of nitrogen) were digested with 400 ce. of water at room 
temperature and then ground in a Nistamal mill. After separating the 
solids by centrifuging^ the residue was treated six more times in the same 
way. The last extract contained 0.2960 gm. of solids, dried at 107®, from 
which it is evident that it is practically impossible to remove completely 
ail that is soluble in water. 

The flocculent, insoluble matter that separated from the united extracts 
during concentration, when dried at 107®, weighed 0.6193 gm., and con¬ 
tained 0.0564 gm. of nitrogen and 0.0992 gm. of ash. This product con¬ 
tained 16.02 per cent of ash and only 10.85 per cent of nitrogen, calculated 
for the ash-free substance, equal to 5.94 per cent of the spinach nitrogen 
and to 0.3525 gm. of protein (N X 6.25) corresponding to 1.74 per cent of 
the dried spinach leaves. 

The filtrate contained 8.984 gm. of solids, dried at 107°, equal to 44.47 
per cent of the original dried leaves. The total solids thus extracted were 
equal to 47.53 per cent of the leaves. These contained 4.1820 gm. of ash 
and 0.308 gm. of nitrogen, equal to 32.42 per cent of the spinach nitrogen. 
Thus 38.36 per cent of the spinach nitrogen was soluble in water. The re¬ 
mainder of this filtrate wms saturated with ammonium sulfate, the precip¬ 
itate redissoived in water, and its solution again saturated with this salt: 
The precipitate was pressed on filter paper, dissolved in water, and am¬ 
monia nitrogen and total nitrogen were determined in the solution. By 
difference, 0.1075 gm. of nitrogen representing the nitrogen of proteoses 
was thus found. This corresponds to 11.32 per cent of the total nitrogen, 
or to proteose (jST X 6.25), equal to 3,33 per cent of the original dried leaves. 
Deducting the nitrogen of the proteose from the total nitrogen of the ex¬ 
tract leaves 21.1 per cent of water-soluble non-protein nitrogen in the spin¬ 
ach leaves. 

Alkaline Solutions ,—The residue of the leaves after extraction with cold 
water, when heated with either hot or cold dilute sodium hydroxide solu¬ 
tion, yielded only a small part of its nitrogen to the extract. Cold 1 per 
cent hydrochloric acid also proved ineffectual. It vras found, however, 
that by boiling for a short time wdth 60 per cent alcohol containing 0.3 per 
cent sodium hydroxide a relatively large amount of protein was extracted. 

Aceordingty spinach leaves, w^hich had been dried in a current of yrarm 
air at 60®, w'ere extracted wdth absolute ether and then with a mixt&e of 
ether and alcohol until freed from all that w^as soluble therein. These re¬ 
moved 7.8 per cent of solids. A quantity of the air-dry residue, thus ex¬ 
tracted, equal to 9.951 gm. of the original leaves and containing 0.51 gm. 
of nitrogen was heated to boiling for about 5 minutes with 500 cc. of 60 
per cent (by 'weight) alcohol containing 0.3 per cent of sodium hydroxide. 
The residue W'as washed twice by boiling with 400 to 500 cc. of 60 per cent 
alcohol. The extract and ■washings were made faintly acid to litmus with 
hydrochloric acid, concentrated in vacuo to about 400 cc,, and then made 
clear the cautious addition of very dilute sodium hydroxide solution. 
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Hydrochloric acid was then added until the precipitate separated as com¬ 
pletely as possible. This was washed with 60 per cent alcohol^ then with 
strong alcohol and ether, and dried at 107°. It weighed 1.78 gm. and 
contained 1.12 per cent of ash. The ash- and moisture-free substance- 
weighed 1.77 gm., equal to 17.7 per cent of the original spinach leaves, and 
contained 0.274 gm. of nitrogen equal to 15.5 per cent of the precipitate 
or to 53.7 per cent of the total spinach nitrogen. 

The filtrate contained 0.135 gm. of nitrogen, equivalent to 26.4 per cent 
of the spinach nitrogen and 0.008 gm. of nitrogen as ammonia, equal to 
only 1.5 per cent of the total nitrogen of the spinach leaves. The propor¬ 
tion of nitrogen in this filtrate was, therefore, approximately the same as 
that extracted by boiling water. The residue, after extraction with alka¬ 
line alcohol, weighed 4.64 gm., equal to 46.6 per cent of the original spinach 
leaves. It contained 0.077 gm. of nitrogen, equal to 15.1 per cent of the 
spinach nitrogen. 

Since so large a proportion of the nitrogen remained in this residue an¬ 
other extraction was made using 60 per cent alcohol containing 0.4 per cent 
sodium hydroxide. The ash- and moisture-free protein precipitate ob¬ 
tained weighed 1.77 gm., equal to 17.8 per cent of the original dry spinach.' 
This contained 0.274 gm. of nitrogen, equal to 15.4 per cent of the ash- and 
moisture-free protein or to 53.8 per cent of the spinach nitrogen. The fil¬ 
trate from this precipitate contained 0.146 gm. of nitrogen equal to 28.5 
per cent of the spinach nitrogen. The ammonia nitrogen was 0.008 gm., 
equal to 1.6 per cent of the spinach nitrogen. 

Since an appreciable part of the ammonia might have been lost from 
the alkaline extract before this had been acidified "we boiled the dried 
spinach leaves with 60 per cent alcohol containing 0.3 per cent sodium hy¬ 
droxide and determined the total ammonia liberated, under conditions 
which precluded losses, to be the same as previously found. Since it is 
possible that a part of this ammonia originated from the non-protein, water- 
soluble nitrogenous substances which constitute about one-fourth of the 
total nitrogen of the spinach leaf it is probable that the protein lost little, 
if any, of its amide nitrogen during the short time it was heated with 
the alkaline alcohol. This conclusion is further supported by the fact that 
the nitrogen content of the protein thus extracted from the dry leaf was 
the same as that of the colloidal protein obtained from the fresh green leaf 
by means of cold dilute aqueous alkali. 

The residue which had been extracted with alkaline alcohol, when dried 
at 107°, weighed 4.534 gm., equal to 45.5 per cent of the original leaves, and 
contained 0.068 gm. of nitrogen, equal to 13.3 per cent of the total nitrogen 
of the spinach leaves. The close agreement between the results of these 
extractions is shown by the figures in Table XI. 

As these preparations contained the same amount of nitrogen as did the 
colloidal protein from the fresh leaves, and in other respects were so sim¬ 
ilar, it seems fair to presume that they are one and the same protein, or 
the same mixture of proteins. The conditions under which these prepar- 
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ations were extracted make it improbable that they contained any of the 
proteose and should they contain any of the coagnlable protein the amount 
of this present in the spinach leaf is too small to contribute appreciably to 
the proportion of the nitrogen recovered in them. We, therefore, feel 
Justified in concluding that at least one-half of the spinach nitrogen is 
contained in the colloidal protein. Ho\y much more of this escaped ex¬ 
traction it is impossible to say. The residue after extraction with alka¬ 
line alcohol contained 15 per cent of the spinach nitrogen, but, in view of 
the ver}" thorough extraction, it is improbable that much of this was pro¬ 
tein nitrogen, unless this wms still retained within unmptured cells. 


TABLE XI. 



60 per cent alcohoi. 

Plus 0.3 per cent NaOH. : 

Plus 0.4 per cent NaOH, 

Per cent of 
solids. 

Per cent of 
nitrogen. i 

Per cent of 
solids. 

Per cent of 
nitrogen. 

Protein.. 

17.9 - 

53.7 

18.0 

53.8 

Filtrate. 

27.7 

26.4 

28.7 

28.5 ' 

Residue. 

46.6 

15.1 

45.5 

13.3 

Ether solution. 

7.8 

2.3 

7.8 

2.3 

. 

Total. 

100.0 

97.5 

100.0 

97.9 


DISCUSSION. 

Comparison of the Results of Extracting the Fresh and Dried Spinach 

Leaves. 

The proportion of solids as well as of nitrogen extracted *from 
the dried leaves by ether, u.s.p., and 93 per cent alcohol and then 
by cold water is the same as that extracted from the fresh green 
leaves by the very different method described in the earlier part 
of this paper. This is shown in Table XII. 

The water extract of the fresh leaves contained a little larger 
proportion of organic and a smaller proportion of inorganic solids 
than did that of the dry leaves (Table XIII). 

The fresh leaves contained a much smaller percentage of mineral 
constituents than did the dried leaves which undoubtedly accounts 
for the difference in the inorganic substances shown by the figures 
in Table XIII 
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Tlie proportion of organic solids from the two sources is nearly 
the same. If, however, the ash-free solids of the ether-alcohol 
extracts are added the difference becomes not inconsiderable, 
namely 6.7 per cent, the total from the fresh leaves being 38.39 
per cent and from the diy leaves 31.69 per cent. This excess of 
substance soluble in alcohol contained substances also soluble in 
water as we found that the residue left by evaporating off the alco¬ 
hol nearly all dissolved in ether and that this solution left a residue 
largely soluble in water. No clue, however, has been obtained 
as toThe nature of this water-soluble substance. 


TABLE XII. 



Solids. 

Nitrogen. 

Fresh 

leaves. 

Dry ’ 
leaves. 

Fresh 

leaves. 

Dry 

leaves. 

Soluble in ether and alcohol. 

per cent 

10.66 

43,76 

per cent 

47.54 ^ 

per cent 

3.98 

34.40 

per cent 

0.28 

38.36 

water, total solids. 


Total extracted. 

54.42 

53.93 

38.38 

38.64 



TABLE XIII. 



Fresh leaves. 

Dry leaves. 

Organic solids soluble in water. 

per cent 

28.67 

15.06 

per cent 

26.36 

21.18 

Inorganic “ . 


Total soluble solids. 

43.73 ’ 

47.54 



During the early stages of the drying process, ' viien the leaves 
are exposed to a temperature favorable for aiitolysis, changes of 
considerable magnitude may occur. Table XIV shows, however, 
that the proportion of the coagulable protein was only slightly 
.greater and that of the proteose not ver}" much greater in the ex¬ 
tracts from the dry leaf than in those from the fresh, while the 
proportion of non-protein nitrogen was practically, the same. 

In how far these minor differences were'due to autolytic changes 
occurring during drying or to differences in' the composition of 
the two lots of leaves,cannot be determined until new experiments 
are made. ' , ^ 
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We have shown that dilute alcohol precipitates 43.5 per cent 
of the spinach nitrogen from the colloidal solution obtained by- 
grinding the fresh leaves with water, and that most of this is 
protein nitrogen. The residue of cell walls, etc. still contained 
nitrogen eciual to 15.2 per cent of the total nitrogen of the leaf 
which for the most part is almost certainly protein nitrogen. As 
there is good reason to believe that most of this belongs to pro- 
teins of the same character as those found in the 'extract (see 
p, 12) we shall not go far wrong in assuming that in the fresh 
leaves at least 58 per cent of the spinach nitrogen, or 21.2 per 
cent of the spinach solids, belongs to this protein. 

The protein extracted from the dried leaves by alkaline alcohol 
is unquestionably^ the same as that precipitated from the aqueous- 
extracts of the fresh leaves by the addition of alcohol, and which 


TABLE XIV. 



Solids. 

Nitrogen. 

Fresh 

leaves. 

Dry 

leaves. 

Fresh 

leaves. 

Dry 

leaves. 

Proteose (N X 6.25). 

Coagulable protein (N X 6.25). 

Non-protein organic matter. 

per cent 

1.7 

1.4 

28.7 

per cent 

3.3 
1.7 1 
26.4 ^ 

per cent 

4.8 

3.8 
25.9 

per cent 

11.3 
5.9 

26.4 

Total. 

31.8 

' 31.4 

34.5 

43.6 



we have provisionally designated as the colloidal protein. This 
protein from the dried leaves contained a little smaller pro¬ 
portion of the total spinach nitrogen than did the colloidal pro¬ 
tein obtained from the water extract of the fresh leaves, but this 
deficit was made up by a correspondingly larger proportion of 
water-soluble proteins, possibly formed by autolysis during drying. 

In estimating the approximate proportion of the colloidal pro¬ 
tein in either the fresh or dry leaves we have not taken into account 
its possible contamination with insoluble non-protein nitrogenous 
compoimcls. Doubtless the nuclei of the cells contain nucleic 
acid, but either the amount of this is so small, or else its properties 
are so different from the nucleic acids with which we have been 
familiar, as to yield negative results with such tests as were em» 
ployed. With the above reservations and assuming that these 
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undetected non-protein nitrogenous substances contain too small 
a proportion of the spinach nitrogen to have importance for this 
preiiminaiy investigation we can state the proportion of the spin¬ 
ach nitrogen among the various groups as given in Table XV. 

TABLE XV 


i 

j 

Nitrogen. 


1 Fresla leaves. 

Dry leaves. 

Soluble in ether and alcohol. 

per cent i 

2 3 ’ 

per cent 

2.3 

“ water: ^ 

Non-proteiii substances. 

25.9 

20.4 

Proteose. 

4.8 

11.3 

Coagulable protein. 

3.8 1 

5,9 

Insoluble in water: i 

Colloidal protein.*. 

58.7 

53.8 


Total. 

I 95.5 

1 

99.7 



Stated in terms of percentage of the dry solids of the spinach 
leaf Table XVI shows the proportions of the different proteins 
(N X 6.25) obtained from the fresh and dry leaves respectively* 


TABLE XYl. 



Fresh leaves. - 

Dry leaves. 

Proteose. 

per cent 

1.7 

per cent 

3.3 

Coagulable protein. 

1.4 

1.7 

Colloidal . 

21.2 

22.8 



Total protein.. 

24.3 

27.8 



It thus appears that protein substances contain approximately 
67 per cent of the total nitrogen of the fresh leaves and 71 per 
cent of that of the dried leaves, or practically twm-thirds of the 
nitrogen in each case. While these figures must be accepted as 
only roughly approximate we believe they afford a better basis 
for assuming that the greater part of the nitrogen of the leaf 
actually belongs to protein substances than has heretofore been, 
presented. The conventional methods in common use have fur- 
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nisliecl support for such an assumption, but such indirect evidence 
as they afford has little value unless supported by chemical 
identification. 


Concentration of the Spinach Protein, 

By applying the results of this investigation to spinach leaves 
we have made a protein concentrate which we are now feeding to 
albino rats with marked success. This product was prepared by 
extracting the dried and finely ground leav^es with boiling water 
whereby the large proportion of soluble salts and organic sub¬ 
stances was removed. The loss of protein incurred by thus 
extracting was small since proteoses form but about 10 per cent 
of the proteins of this leaf. The dry residue, almost exactly 
one-lialf of the solids of the leaf, contained nitrogen equal to 39 
per cent of protein (N X 6.25). We thus have as rich a protein 
concentrate as cottonseed meal. 

If, as seems probable, similar products can be made from other 
green leaves it ought to be possible to feed these as the sole source 
of nitrogen and thereby increase our knowledge of the nutritive 
value of a class of proteins about which at present we know^ al¬ 
most nothing. Possibty we shall also be able to learn something 
of the nutritive value of the water-soluble constituents. A new 
field for investigation appears to be thus opening ^ which prom¬ 
ises to be fruitful. 


SUMMARY. 

When fresh green spinach leaves are ground with water the 
contents of their cells are set free. The cell walls and other 
suspended matters can then be removed by filtering through soft 
paper or by centrifuging at high speed. A green turbid extract 
is thus obtained which contains the contents of the cells. The 
•microscope shows that chloroplasts and all other formed elements 
have disappeared, only the most minute particles being visible, 
suspended in tliis fluid. ■ 

The addition of about one-third volume of alcohol to this 
extract causes a voluminous green precipitate to separate in large 
flocks leaving a clear solution. 
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The filtrate from this precipitate contains the water-soluble 
■constituents of the cells, forming nearly one-half of the solids of 
the leaf. Only a small part of these is protein, proteoses being 
equal to only 1.7 per cent of the total solids of the leaf and pro¬ 
teins coagulable by heat to only 1.4 per cent. The non-protein 
organic substances are equal to about 28 per cent of the solids of 
the leaf and contain about one-fourth of its total nitrogen. The 
balance of these water-soluble constituents consists of inorganic 
matters. 

The green precipitates produced by alcohol contain chlorophyll 
phosphatides, and fats which can be extracted by alcohol and . 
ether, leaving a residue equal to about 20 per cent of the solids 
of the leaves and containing nearly 50 per cent of their nitrogen. 
This part of the alcohol precipitate consists almost wholly of 
protein, but, unlike other native proteins, it is not readily soluble 
in aqueous alkaline solutions at room temperature. When boiled 
for a few minutes with 60 per cent alcohol containing 0.3 per cent 
sodium hydroxide it dissolves and when this solution is neutral¬ 
ized with acid nearly all the protein is precipitated and is then 
readily soluble in a slight excess of either acid or alkali. This 
lat'^er precipitate, w'Mch we have provisionally designated the 
colloidal protein, has the properties of pure protein, and contains 
15.25 per cent of nitrogen. As it yields furfurol equivalent to 2.5 
per cent of pentose this protein of the leaf may be a new type of 
combination of protein with carbohydrate-containing groups. 
However, it has not yet been established that the pentosan is 
actually combined, rather than admixed, with this protein. 

Nucleic acid has not been detected in preparations of the col¬ 
loidal protein. Their low phosphorus content shows that at the 
most the proportion of nucleic acid is small. 

The colloidal protein is doubtless a mixture of several individual 
proteins which are constituents of the cytoplasm, protoplasts, and 
■other elements of the cell, but owing to their insolubility in neutral^ 
solvents these cannot be separated from one another. 

Apparently the colloidal protein occurs in' the leaf, in chemical 
combination with chlorophyll, phosphatides, and probably other 
substances. This compound forms a colloidal solution with water ■ 
which is very sensitive to the action of alcohol, being readily 
decomposed thereby into its component parts. 
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-SiDinacii leaves dried at a low temperature and extracted with 
ether, alcohol, water, and alkaline solutions yield results so similar 
to those obtained with the fresh green leaf that evidentl}" the con- 
stituents of the cells are altered to only a slight degree by drying. 



DIGESTIBILITY OF RAW CORN, POTATO, AND WHEAT 

STARCHES.* 

Bt G. E. LANGWORTHY and HARRY' J. DEUEL, Jb. 

(From the Office of Home Economicsj States Relations Service^ United States 
‘ Department of Agriculture^ Washington.) 

(Received for publication, February 26,1920.) 

INTKODUGTION. 

It has been generally believed that raw starches are only di¬ 
gested a little, if at all, by the human body. Thorpe^ quoting from 
Roberts says that starch in a raw state ^^is to man an almost 
indigestible substance, but when previously subjected to the 
operation of cooldng it is digested with great facility.’^ He 
further states that “diastase has, at best, only a comparatively 
feeble action on the unbroken starch granule, even at the tem¬ 
perature of the body.’’ 

Little experimental evidence is to be found regarding the diges¬ 
tibility of raw starches by the human body. Foianovr^ con¬ 
ducted a series of experiments on human subjects with small 
quantities of raw wheat, oat, rice, and potato starches. He 
found that raw wheat, oat, and rice starches were practically 
completely assimilated, while raw potato starch was from two 
and one-half to four times less well digested. However, in his 
tests he used only 50 gm. of raw starch, a quantity which might 
easily be lost in the digestive tract. Numerous artificial digestion 
experiments have been conducted on raw starches which in 
general have demonstrated that raw starches are much more 
slowly acted on by the digestive ferments than starches which. 
have been cooked.^ 

^Published with permission of the Secretary of Agriculture, 

^ Thorpe, E., A dictionary of applied chemistry, London, New York, 
Bombay, and Calcutta, 1913, v, 179. 

2 Fofauow, L., Z. Min. Med., 1911, Ixxii, 257. 

® Day, E. A., U. S, Dept Agric., Bull. iOB, 1908. 
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EXPEBIMENTAL. 

The methods in the experiments with corn, wheat, and potato 
starches were practically the same as in previous digestion 
experiments conducted b 3 ^ this office. In order that the starch 
should be in an appetizing form, it was eaten as a constituent of 
a frozen pudding. This was palatable and the subjects were 
able to eat it in fairly large quantities. 

The frozen pudding contained approximately 20 per cent of 
raw starch and resembled ordinary ice-cream in taste and texture. 
This method of preparation did not affect the starch granules 
t\diich were found the Microchemical Laboratory of the 
Bureau of Chemistry to be neither swollen nor broken. The 
pudding was made as follows: 

Expenmental Frozen Pudding. 

6 quarts milk. 2J cups sugar. 

4 pounds raw starch. 1 tablespoon salt. 

3 cups table oil. f cup lemon extract. 

The uncooked starch was mixed with milk, sugar, and oil in the propor¬ 
tions given above and the mixture immediately frozen in the same way as 
ice-cream. The lemon extract used for flavoring masked to a great extent 
the taste of uncooked starch and gave the frozen pudding a pleasing flavor.' 

The subjects were given weighed portions of the frozen pud¬ 
ding along with a basal ration of oranges and sugar. Tea or 
coffee was used if desired. The experiments were of 3 days or 
nine meals duration. The subjects were students in a local 
university who were apparently in normal health. They were 
familiar with this type of work, having served as subjects in pre¬ 
vious experiments, and were entirely trustworthy. The methods 
for the separation of feces, analyses, eic. were those usually 
followed. 


Corn-Starch. 

Three experiments were conducted with raw corn-starch. The 
essential data for the interpretation of the results of these experi¬ 
ments are given in Tables I and II. 



TABLE I. 


Digestion Experiments with Uncooked Corfi-Starch in a Simple Mixed Diet 


Experiment^ subject, 
and diet. 

Weight of 
food. 

^ Constituents of foods. 

Water. 

Protein. 

1 

Fat. 

Carbohy¬ 

drate. 

Ash. 

Experiment No, 1047, 
Subject W. V. B.: 
Frozen custard 

containing un¬ 
cooked starch (= 
67 per cent total 
carboh 3 ^drate — 

644 gm.), grn .. 

Fruit, gm . 

3,365.0 

“818.0 

2,030.1 

710.8 

I 

j 

76.4 

6.6 

277.3 

1.6 

951.4 

94.9 

19.8 

4.1 

Sugar, om . 

138.0 

138.0 






Total food con¬ 
sumed, qm . 

4,321.0 

2,740.9 

83.0 

278.9 

1,194.3 

23.9 

Feces, gm . 

76.0 


21.6 

30.5 

10.2 

13.7 

Amount utilized, 
gm.... ..... 


61.4 

248.4 

1,184.1 

99.1 

10.2 

Digestibility of en¬ 
tire ration, per 
cent . 



74,0 

89.1 

42.7 

Estimated digesti¬ 
bility of un¬ 
cooked starch 
alone, per cent. .. 



100.0 i 

Experiment No. 1048 
Subject H. L. G.: 

Frozen custard 

containing un¬ 
cooked starch 
(= 67 per cent 
total carbohy¬ 
drate = 773 

gm.), gni .. 

4,038.0 

1,193.0 

62.0 

2,436.1 

1,036.7 

91.7 

332.7 

] 

1,153.7 

138.4 

23.8 

Fruit, g?7i . 

9.5 

2.4 

6.0 

Sugar, am .... 


62.0 






Total food con¬ 
sumed, gm . 

5,293.0 

3,472.8 

101.2 

335.1 

1,354.1 

29,8 

Feces, gm. .. 

55.0 


15.8 

19.7 

10.8 

8.7 

Amount utilized, 
gm .. 


85.4 

315.4 

1,343.3 

21.1 ■ 
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TABLE I— Concluded. 


Constituents of foods. 


Experiment, subject, 

Weight of 


j 




and diet. 

food. 

Water, 

Protein. 

Fat. 

Carbohy¬ 

drate. 

Ash. 

Digestibility of en- 




* 



tire ratioiij per \ 
emit . 



84.4 

94.1 

99.2 

70.8 

Estimated digesti- 







bilitj’ of *iin- 
cooked starch 
alone, per cent _ 





100.0 


Experiment No. 1049, 







Subject E. L.M.: 
Frozen custard 







containing un- ^ 
cooked starch 







(= 67 per cent 
total carbohy¬ 
drate = 751 







gm.), gm. '. . 

3,924.0 

2,367.3 

89.1 

323.3 

1,121.1 

23.2 

Fruit, gin . 

1,127.01 

979.4 

9.0 

2.3 

130.7 

5.6 

Sugar, gm . 

31.0 


i 


31.0 


Total food con¬ 







sumed, gm . 

5,082.0 

3,346.7 

98.1 

325.6 

1,282.8 

28.8 

Feces, gm . 

Amount utilized, 

51.0 

1 


14.8 ' 

14.9 

15.0 

6.3 

gm . 

Digestibility of en- * 



83.3 

310.7 

1,267.8 

22.5 

tire ration, per 
cent,. . 


! 

84.9 

95.4 

98.8 1 

78,1 

' Estimated digesti¬ 







bility of un¬ 







cooked starch 
alone, per cent... 





100.0 


Average food con¬ 







sumed per sub¬ 
ject per day, gm.. 

1,633.0 

1,062.3 

31.4 

104.4 

1 425.7 

9.2 
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The diet as a whole supplied on an average 31 gm. of protein^ 
104 gm. of fatj 426 gm. of carbohydrate^ and had an average 
energy value of 2;760 calories per man per day. The aV'erage 
amount of raw corn-starch eaten per man per day was 241 gm. 
Subject H, L, G. in Experiment 1048 ate the maximum amount 
of raw corn-starch which was 258 gm. per day for the experi¬ 
mental period. 

The coefficient of digestibility of the raw corn-starch was 
found in each case to be 100 per cent after correction is made for 

TABLE II. 

Summary of Digestion Experimeiits with Uncooked Corn-Starch in a Simple 

Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
uncooked 
corn-starcb 
alone. 

Protein. 

Fat. 

Carbohy¬ 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1047 

W. Y. D. 

74.0 

89.1 

99.1 

42.7 

100.0 

1048 

H. L. G. 

84.4 

94.1 

99.2 

70.8 

100.0 

1049 

E. L. M. 

84.9 

95,4 

98.8 

78.1 

1 100.0 

Average. 

81.1 

92.9 

99.0 

63.9 

100.0 


the undigested residue from the accessoiy foods. This was con¬ 
firmed by the Microchemical Laboratory of the Bureau of Chem¬ 
istry which reported that no unruptured starch grains could be 
detected in the feces and that the iodine test for starch in the 
feces was negative. 

The ingestion of this frozen custard caused no noticeable phys¬ 
iological effects and the subjects were in normal health during 
the experimental period. They reported the diet as appetizing 
and satisfying, a fact which would indicate that the starch was 
assimilated to a great extent by the body. 

Potato Starchy 

Seven experiments were conducted with potato starch—two in 
one test and five in a second test a few weeks later. The two 
subjects who took part in the first test had taken part in the 
experiments with raw corn-starch. In the second test with raw 
potato starch these men were Joined by three others, one of whom 
had taken part in the experiments with raw corn-starch. 
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Tables III and IT are a snnmiary of the results of the experi¬ 
ments with raw potato starch. 

Tire diet as a whole furnished on an average 23 gm. of protein^, 
76 gm. of fatj 357 gin. of carbohydrate, and had an average 
energy value of 2,213 calories per man per day. The average 
amount of starch eaten per man per day wms 194 gm. 

It will be noted from Tables III and IT that the amount of po¬ 
tato starch digested varied considerably with the different subjects- 
and even with the same subject in successive periods. Subject 
J. F. S. in Experiment 1082 showed the highest coefficient of 
digestibility (95.2 per cent) wdiile Subject E. L. M. in Experi¬ 
ment 1081 showed the low’est (62.3 per cent). Subject H. L. G. 
in the first test ate 573 gm. of raw starch of which 74.5 per cent 
was digested. In the second test the digestibility increased tO' 
85.4 per cent despite the fact that 120 gm. more of potato starch 
were eaten than in the first. On the other hand, Subject E. L. M. 
in the first test ate 503 gm. of raw" potato starch of W’hich 74.3 per 
cent was digested wiiile in the second test only 62.3 per cent of” 
the 710 gm. eaten w-as digested. There seemed to be no definite 
relation between the amount eaten and the amount digested. 
A possible explanation of the variation in the ability of the various- 
subjects and of the same subjects in different periods to digest 
the raw potato starch may be that the body w^as unable to supply 
a large enough amount of amylases in a given time to digest all 
the raw" starch. 

During this diet practically all the subjects noted a very exces¬ 
sive formation of gas and frequent intestinal cramps. The quan¬ 
tity of feces voided w"as very large; a large amount of undigested 
starch w^as visible and a strong positive reaction was given with 
iodine. When the feces were ashed, the odor resembled that^of 
scorched bread and no fecal odor was evident. The figure for the 
digestibility of protein is probably too low", since only a small 
amount w"as eaten ‘and no correction has been made for metabolic 
nitrogen in the feces. The coefficient of digestibility for the 
cream and com oil w^as 95.7 per cent. This agrees closely with 
previous determinations by this office which w-ere 96.9^ per cent 
for cream and 97.9® per cent for corn oil. 

^ Langworthy, C. F., and Holmes, A. D., U, S. Dept. Agric., States 
Belations Service, Bull. 507, 1917. 

® Holmes, A. D., U. 8 . Dept. Agric.^ States Relations Service, Bull. 687^ 
1918. 



TABLE III. 


Digestion Experiments ivith Uncoohed Potato Starch hi a Simple Mixed 

Diet. 


Constituents of foods. 


Esperiment, subject, 
and diet. 

Weight of 
; food. 

i 

■ Water. 

; Protein,. 

i Fat. 

1 

! Carbohj7- 
1 cirate. 

1 Ash. 

1 

Exi^eriiiient Xo. 1062, 


i 


i 

1 

i 

i 

i 

Subject H. L. G.: 

1 

! 

1 


1 

i 


Frozen custard 

! 

I 

I 

! 

i 


contaiiiiiig 572.6 


; 

i 

j 



gm. uncooked 


1 1 

! 



starch, gm . 

2,823.0 

1,707.8 

i 60.7 

I 216.4 

S16.5 

21.6 

Fruit, g?n . 

913.0 

793.4 

j 7.3 

1 l.S 

105.9 

4.6 

Siisiar, gm . 

6S.0 i 

I 1 


68.0 i 


Total food con- 

! 

I ! 

i 




1 

Slimed, gm . 

13,sod.o; 

; 2,501.2 

68.0 

21S.2 

990.4 

1 26.2 

Feces, gm . 

194.0 


17.3 

6.1 

163.0 

7.6 

Amount utilized, gm. 



50.7 

212.1 

S27.4 

18.6 

Digestibility" of en- 







tire ration, per 







cent . 



74.6 

97.2 

S3.4 

71,0 

Estimated digesti- 







bility of uncooked 







starch alone, per 







ceM . 





i 74.5 


Experiment No. 1063, 







Subject E. L. M.: 







Frozen custard 







containing 502.S 







gm. uncooked 







starch, gm . 

2,491.0 

1,508.5 

53.7 

1 191.5 

1 718.3 

19.0 

Fruit, gm . 

725.0 

630.0 

5.8 

^ 1.5 

84.1 

3.6 

Sugar, gm . 

105.0 




105.0 


Total food con¬ 







sumed, gm . 

3,321.0 

2,138.5 

59.5 

193.0 

907.4 

22.6 

Feces, gm . 

191.0 


27.8 

10.7 

143.9 

S.6 

Amount utilized, gm.. 



31.7 

1 182.3 

763.5 

14.0 

Digestibility of en¬ 




1 



tire ration, per 







cent . 



53.3 

94.5 

84.1 

61.9 

Estimated digesti¬ 







bility of uncooked 







starch alone, per 







cent ... 





74.3 
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TABLE III — Continued. 


Experiment, subject, 
and diet. 

Weight of 
food. 

1 

1 Constituents of foods. 

Water. 

Protein. 

Pat. 

Carbohy¬ 

drate. 

Ash. 

Experiment No. lOTSj 







Subject P. C.: 







Frozen custard 







containing 467.7 







gm. uncooked 







starch, gm ____ 

2,505.0 

1,553.1 

51.6 

184.6 

698.2 

17.5 

Fruit, gm .. 

1,372.0 

1,192.3 

11.0 

2.7 

159.1 

6.9 

Sugar, gm . 

1S3.0 




183.0 


Total food con- 







sumed, gm . 

4,060.0 

2,745.4 

62.6 

187.3 

1,040.3 

24.4 

Feces, gm . 

243.0 


28.9 

11.0 

191.4 

11.7 

Amount utilized, gm.. 



33.7 

176.3 

848.9 

12.7 

Digestibility of en- 







tire ration, 'per 







cent . 



53.8 

94.1 

81.6 

52.0 

Estimated digesti- 







bility of uncooked 







starch alone, per 







cent . 





64.3 


Experiment No. 1079, 







Subject W.V. D.: 







Frozen custard 







containing oAi.S | 







gm. uncooked 







starch, gjn . 

2,918.0 

1,809,2 

60.1 

215.1 

813.2 

20.4 

Fruit, gm . 

807.0 

701.3 

6.5 

1.6 

93.6 

4.0 

Sugar, gfn . 

97.0 




97.0 


Total food con¬ 







sumed, gm . 

3,822.0 

2,510.5 

66.6 

216.7 

1,003.8 

* 24.4 

Feces, g7n . 

105.0 


21.9 

10.8 

64.1 

8.2 

Amount utilized, gm .. 



44.7 

205.9 

939.7 

16.2 

Digestibility of en¬ 







tire ration, per 







cent . 



67.1 

95.0 

93.6 

66.0 

Estimated digesti¬ 







bility of uncooked 







starch alone, per 







cent ... 





91.3' 
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TABLE III — Continued. 


Experiment, subject, 
and diet. 

Constituents of foods. 

food- 

Water. 

f 

Protein. ! 

jCarbohy-l 
j dmte: ; 

Ash. 

Experiment No. 1080, 





Subject H. L. G.: 





Frozen custard 





containing 691.3 





gm. uncooked 





starch, grn . 

3,703.0 2,295.9 

76.3 

272.9 1,032.0 

25.9 

Fruit, gm . 

731.0 635.2 

5.8 

1.5 84.8 

3.7 

Sugar, grn . 

43.0 


43.0 


Total food con- 





sumed, gm . 

4,477.0 2,931.1 

82.1 

274.4 1,159.8 

29.6 

Feces, gm . 

149.0 

18.2 

7.3 117.4 

6.1 

Amount utilized, gm. 


63.9 

267.1 1,042.4 

23.5 

Digestibility of en- 





tire ration, per 





cent . 


77.8 

97.3 89.9 

79.2 

Estimated digesti- 





bility of uncooked 





starch alone, per 





cent . 



85.4 


Experiment No. 1081, 





Subject E. L.M.: | 





Frozen custard 





containing 710.0 





gm. uncooked 





starch, gm . 

3,803.0 2,357.8 

78.3 

280.3 1,059.9 

26.7 

Fruit, gm . 

526.0 457.1 

4.2 

1.1 61.0 

2,6 

Sugar, gm . 

105.0 


105.0 


Total food con¬ 





sumed, gm . 

4,434.0 2,814.9 

82.5 

281.4 1,225.9 

29.3 

Feces, gni . 

332.0 

27.4 

11.6 283.2 

9.8 

Amount utilized, gm.. 


55.1 

269.8 942.7 

19.5 

Digestibility of en¬ 





tire ration, per 





cent.... . 


66.8 

95.9 76.9 

66.6 

Estimated digesti¬ 





bility of uncooked 





starch alone, per 





cent .. 



62.3 





















TABLE III— Concluded 


Experiment, subject, 
and diet- 

^Yeight of 
food. 

Constituents of foods 

Water. 

Protein. 

Fat. 

Carbohy¬ 

drate. 

Ash. 

Experiment No, 10S2, 
Subject J. F. S. : 
Frozen custard 

contaiiiiiig 5S0.1 
gm. uncooked 

starch, gm ____ 

Fruit, gm . 

Sugar, gm . 

3,107.0 

1,324.0 

166.0 

1,926.3 

1,150.6 

64.0 

10.6 

229.0 

2.6 

S65.9 

153.6 

166.0 

21.S 
6.6 

Total food con¬ 
sumed, gm . : 

4,597.0 

3,076.9 

74.6 

231.6 

. 

1,1S5.5 

28.4 

Feces, gm. . 

Amount utilized, gm. 
Digestibility of en¬ 
tire ration, per 

cent .. 

Estimated digesti¬ 
bility of uncooked 
starch alone, per 
cent . 

100,0 


24.3 

50.3 

67.4 

8.9 

222.7 

i 

96.2 

52.1 
1,133.4 : 

95.6 

95.2 

14.7 

13.7 

48.1 

Average food con¬ 
sumed per sub¬ 
ject per day, gm.. 

1,357.9 

891.4 

23.6 

76.3 

357.8 

8.8 


TABLE IV. 


Bummary of DigesHofi Experbnents icith U7icooked Potato Starch in a Simple 

Mixed Diet, 


Experiment 

No. 

; 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
uncooked 
potato starch 
alone. 

Protein. 

Fat. 

Carbohy¬ 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1062 

H. L. G. 

74.6 

97.2 

83.4 

71,0 

74.5 

imz 

E. L. M. 

53.3 

94.5 

84.1 

61.9 

74.3 ■ 

1078 

P. C. 

53.8 

94.1 

81.6 

52.0 

64.3 

1079 

W. V. D. 

67.1 

95.0 

93.6 

66.0 

91.3 

1080 

H. L. G. 

77.8 

97.3 

89.9 

79.2 1 

85.4 

1081 

E. L. M. 

66.8 

95.9 

. 76.9 

66.6 1 

62.3 

1082 

J. F. S. 

67.4 

96.2 

95.6 

48.1 : 

95.2 

Average.. 

65.8 

96.7 

86.4 

63.6 

78.2 
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TABLE V. 


Digestion Experime-nis icitk Ujicooked Wheat Starch in a Simple Mixed Diet. 


Experiment, subject, j 
and diet. 1 

I 

Constituents of foods. 


food. i 

Water. 

Protein. 

Fat. Cybohj- i 

drate. i 

1 

Ash. 

Experiment No. 1073, 





Subject P. C.: 





Frozen custard 





containing 462.4 





gm. uncooked 



I 


starch, . 

2,493.0 1,573.3 

48.4 

164.8 690.3 i 

16.2 

Fruit, gm . 

728.0 632.6 

5.8 

1.0 84.5 1 

3.6 

Sugar, gm . 

120.0 


120.0 j 


Totai food con- 



1 


sumed, gm . 

3,341.0 2,205.9 

54.2 

166.3 S94.8 

19.8 

Feces, gm . 

31.0 

5.1 

5.7 1 16.5 

3.7 

Amount utilized, gm.. 


49.1 

160.6 STS. 3 

16.1 

Digestibility of en- 





tire ration, -per 





cent . 


90.6 

96.6 9S.2 

81.3 

Estimated digesti- 





bility of uncooked 





starch alone, per 





cent . 



99. S 


Experiment No. 1075, 

j 




Subject H. L.G.: 





Frozen custard 





containing 692.7 





gm. uncooked 





starch, gm. . 

3,734.0 2,356.5 

72.4 

246.8 1,034.0 

24.3 

Fruit, gm . 

597.0 518.8 

4.8 

1.2 69.2 

3.0 

Sugar, gm .. 

8.0 


8.0 


Total food con¬ 





sumed, gm . 

4,339.0 2,875.3 

77.2 

248.0 1,111.2 

27.3 

Feces, gm . 

56.0 

4.5 

17.9 23.4 

10.2 

Amount utilized, gjn. 


72.7 

230.1 1,087.8 

17.1 

Digestibility of en¬ 





tire ration, per 





cent . 


94.2 

92.8 97.9 

62.6 

Estimated digesti¬ 





bility of uncooked 





starch alone, per 





cent .... 



98.6 
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gm. uncooked 

starch, gm . 

Fruit, gm . 

Siiear, . 

; 2,743.0 
: 1,115.0 
; 172.0 

.1,731.1! 53.2 
96S.9; S.9 

' 

1S1.3 

1 O O 

759.6 

129.4 

172.0 

17.8 

5.6 

Total food con- 

i 

i 




sinned y om . 

i 4,030.0 

2,700.0 ; 62.1 

1S3.5 

1,061.0 

23.4 

Feces, gni . 

! 22 0 

! 4.3 

10.5 

5.0 

2.2 

Amount utilized, gm. 


i 57.8 

173.0 

1,050,0 , 

21.2 

DigesTibility of en¬ 


1 




tire rat ion , [m r ct.n 1. 

1 1 

' ; 93.1 

94.3 1 

99.5 

90.6 

Estiiiiatecl digesti¬ 


i 




bility of uncooked 






siareli akuie, per 

1 i 

! 




cent. ... 

I 1 

i ! 

i 1 

. 1 i 


100.0 


Average food con- j 


1 ; 




sumed per sub- | 


* i 




Ject per day, gm..'\ 

1,369.0 1 

911,6 1 22.2 i 

67.8 i 

359.2 

8.2 
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TABUE VI. 

Summarjj of Digestion Experiments with IJncoohcd Mlicai Starch in a Swiple 

Mixed Diet. 


Digestibility of entire ration. 


Estimated 


ijxperimenii 

No. 

Subject. 

Protein. 

Fat. 

f 

i Carbohy- 
1 drate. 

i .. 

Ash. 

uncooked 
■wheat starch 
alone. 




per cent 

per cent 

1 per cent 

per cent 

per cent 

1073 

P. C. 


90.6 

96.6 

1 98.2 

SI.3 

99.8 

1075 

H. L. 

G. 

94.2 

92.8 

97.9 

62.6 

9S.6 

1076 

E. L. 

M. 

91.6 I 

1 91.8 

i 97.3 

60.7 : 

1 98.4 

1077 

J. F. 

S. 

1 

93.1 

94.3 

1 99.0 

90.6 

100.0 

Average. 

92.4 

93.9 

1 9S.2 ; 

73. S 

1 99.2 


Wheat Starch. 

Four experiments were conducted to determine the digesti¬ 
bility of raw wheat starch. All four of the subjects had taken 
part in the tests with raw potato starch, and two in the earlier 
ones with raw corn-starch. 

The essential data for the interpretation of the experiments 
are given in Tables V and YI. 

The diet as a whole furnished an average of 22 gni. of protein^ 
68 gm. of fat, and 359 gm. of carbohydrate per man per day with an 
average fuel value of 2,138 calories. The average amount of raw 
starch eaten per man per day w^as 188 gm. The subjects remained 
in apparently normal health during the diet period. It will be 
noted that practically all the wheat' starch was assimilated in 
each case. No starch could be detected in the feces by the iodine 
test. j\Ioreover, the other constituents were ver}^ well assimi¬ 
lated, the coefficients of digestibiht}^ being 92 per cent for protein 
and 94 per cent for fat. 


SUIVIMARY. 

1. Eaw corn and wheat starches w^ere found to be completely 
assimilated and no trace of them could be found in the feces. 

2. Seven experiments on raw potato starch gave values for 
its digestibihty varying from 62.3 to 95.2 per cent; the average 
was 78.2 per cent. 
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Digestibility of Starches 


3. The ingestion of tiie potato starch caused disagreeable phys™ 
iological disturbances not noted in the other experiments with 
raw corn and wheat starches. 

4. The digestibility of the other constituents of the diet w^as 
not affected to any great extent by the large amounts of raw 
starch ingested. 



THE CO 2 CONTENT AS A BASIS FOR DISTINGUISHING 
HEATED FROM UNHEATED MILK, 

By LUCIUS L. VAN SLYKE and RICHARD F. KEELER. 

(From the Chemical Laboratory of the New York Agricultural Experiment 
Station^ Geneva.) 

(Received for publication, March 15, 1920.) 

INTRODUCTION. 

It has been pointed out in a previous article^ that the heating 
of milk, when pasteurized, reduces the CO 2 content to such an 
extent that this change might be made the basis of a method for 
distinguishing pasteurized from unheated milk. In order to 
ascertain whether this fact of decrease of CO 2 could be utilized 
in the development of such a method, it is necessary to learn to 
what extent the CO 2 content of normal milk is reduced under 
a variety of conditions, especially such conditions as are asso¬ 
ciated with the handling of milk from the time it leaves the udder 
until it reaches the consimier. A study has, therefore, been 
made of the effect of such conditions as (1) the method of milking, 
(2) the length of time of standing of milk after being drawn from 
the udder, (3) the effect of agitation, and (4) the effect of tem¬ 
perature. The results of tliis wmrk are presented in the pages 
following. 

The details of the method used in the determination of CO 2 
in milk are explained in the article already referred to. 


EXPERIMENTAL. 

•When milk is drawm from the udder and exposed to the air, a 
considerable proportion of its CO 2 escapes. The amount of CO 2 
usually present in normal milk in the udder has been found* in 
the former w'ork, to W'hich reference has already been made, to 

^ Van Slyke, L. L., and Baker, J. C., J, Biol. Chem., 1919, si, 335. 
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COs ill Heated and Unlieated ]\Iilk 


average about 10 per cent by voliune. As a result of our work 
here given, we find that iiinnediateh" after milk is drawn from 
the udder the CO 2 content is generally less than one-lialf of this 
figure, vaiying between 4 and 5 per cent in most cases. 

It is our purpose now’ to give the detailed results of our w’orkj 
showing to what extent different conditions affect the CO 2 con¬ 
tent of milk after leaving the udder. 


i. Effect of Method of Milking, 

A few’ determinations of CO 3 W’ere made in the case of milk 
drawn from the udder by hand, in comparison with that drawn 
by iiiilking-iiiachme, tw’o different kinds of machines being used. 
Xo appreciable difference wms found in all the samples examined 
by US, the results varying only betw’een 4 and 4.5 per cent of CO 2 
by Tolimie, without reference to the method of milking. 

2. Effect of Sta'/iding. 

Numerous examinations have been made by us to ascertain 
the amount of CO 2 in milk at different intervals after milkingj 
wiien kept under ordinary conditions, hlilk from individual 
COW’S and also from herds w'as used. After being drawm from the 
udder, the milk was kept under conditions involving a minimum 
amount of handling or agitation. 

In the case of samples of herd milk, obtained at a local milk- 
station, the milk had been transported several miles directly 
from the farms to the station. The transportation w’as, of course, 
accompanied by more or less agitation. We examined forty 
such samples at intervals of 8, 20, and, in some cases, 40 hours 
after milking. The results are summarized in Table I. 

These results indicate that, under the conditions existing, the 
volume per cent of CO 2 in no case falls below’ 3, even 40 hours 
after milking, and only in a few^ cases below’ 3.5 after 20 hours 
or more. 

In the ease of milk drawn separately’* from five individual cows 
in our station herd and examined, after standing without further 
handling, at intervals of IS, 42, 64, and 90 hours, the amount 
of CO 2 present in the milk soon after being drawm decreased by 
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0.5 to 1.0 per cent by volume in 18 hours, and 1.0 to 1.5 in 42 
hours, after which there wns no further decrease. The percen¬ 
tage of CO 2 in the fresh milk varied in the different samples from 
4 to 4.0 and this dropped to a minimum of 3, no further decrease 
taking place after 42 hours. 

In the case of the mixed milk of our station herd, w^hicli con¬ 
tained 4 per cent by volume of CO 2 3 or 4 hours after milking, it 
was found after standing 6 hours more to contain 3.5 per cent, 
a decrease of 0.5 per cent. 


TABLE I. 

CO 2 in Herd Milk at Intervals after Milhing, 


CO 2 in samples. 

No. 

of samples examined after 

S hrs. 

20 hrs. 

40 hr*. 

lol. per cent 

3.0 

0 

3 

2 

3.5 

12 1 

5 

3 

4.0 

16 

17 

6 

4.5 

7 

9 

2 

5.0 

3 j 

4 

1 

5.5 ! 

2 i 

1 1 

2 

0 


3. Effect of Agitation. 

Several experiments w^ere made to ascertain the effect of agita¬ 
tion in different forms upon the CO 2 content of milk, hlilk was 
passed through a centrifugal separator in some cases and in others 
was stirred by special apparatus. 

In the case of milk passed thi*ough a cream-separator, the milk 
before separation contained 4 per cent of CO 2 by volume. The 
resulting skim-niilk was found to contain the same amount of 
CO 2 , wliile'the cream contained 3 per cent. In the case of another 
sample of milk, containing 3.5 per cent of CO 2 by volume before 
separation, the resulting skim-milk contained the same percent¬ 
age of CO 2 . Skim-milk containing 4 per cent of CO 2 by volume 
wms found after being run through a separator to lose no CO3. 

In experiments in which the milk was stirred, the agitation was 
produced by means of the stirring-apparatus described in a former 
article.- 

2 Van Slyke, L. L., and Baker, J. C., J, Biol. Che?n., 191S, xxxv, 127. 




CO2 ill Heated and Unlieated Milk 


In the case of a sample of milk containing 4 per cent of CO 2 by 
volume, the milk was kept at room temperature (about 21'^C.) 
during the stirring, and examinations were made at stated inter- 
vais, with the following results: 

Lecgtii of time of stir¬ 
ring . 0 15 min. 30 min, 45 min. 1 hr. 2 hrs. 6 hrs. 

Percentage of CO 2 by 

vnhjme. . 4 3.5 3 3 3 2.5 2 

From these results it appears that such agitation as milk is 
subjected to in the methods conmionly employed in handling 
milk on farms and before being placed on the market has little or 
no effect in reducing the percentage of CO2. 

4. Effect of Heating, 

Experiments were made for the purpose of finding out the 
effect of increased temperature upon the CO2 content of milk, 
using different temperatures, and also stirring at the same time 
in some eases. The special object in mind was to learn the effect 
of those conditions commonly emploj^ed in pasteurizing milk. 

In the case of milk pasteurized by the flash” system, samples 
containing 4 per cent of CO2 by volume were found after pasteuri¬ 
zation to contain not more than 2 per cent. 

Numerous samples of market milk, pasteurized at about 62®C, 
(143®F,) and bottled, were examined 30 to 36 hours after pas¬ 
teurization and found to contain 1.5 to 2 per cent of CO2 by 
volume, 

IMilk heated at 62®C. (143®F.) for 30 minutes was examined 
before and after cooling to 5.5®C. (42®F.). The amount of CO2 
was foimd to be the same in both cases, 2 per cent. 

Fresh milk containing 4 per cent of CO2 by volume \yas heated 
at about 63®C, (14o°F,) without agitation for different periods 
of time, the following results being obtained: 

Minutes heated. 2 3 4 5 10 12 20 30 

Percentage of CO 2 by volume. 3.5 3 2,5 2.5 2.5 2.5 2.5 2.5 

A sample of milk heated to about 78®C. (172®F.), without 
stiiTing, for 30 minutes contained 2.5 per cent of CO2 by volume. 
Another sample heated for 30 minutes to about 62®G. (143®F.) 
with stirring was found to contain no CO2, 
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i'lilk, pasteurized by the methods commonly employed, and as 
found by us in the market^ seldom contains more than 2.5 per cent 
of CO 2 by Toliime and usually contains less. 

Distinction between Heeded and Unheated Milk, 

Taking into consideration all the results of our work, it appears 
that, under the conditions to which normal unheated milk is sub¬ 
jected in its handling from the time of milking to the time of 
clelh^ery to the consumer, the volume percentage of CO 2 rarely, 
if ever, drops below 3 and seldom below 3.5; while the subjection 
of normal milk to the conditions of heating used in pasteurization 
reduces the percentage of CO 2 by volume to 2.5 or less. There¬ 
fore, it appears safe, in general, to assume that milk containing 
less than 2.5 or 3 per cent of CO 2 by volume has been heated to the 
temperature of pasteurization. 




A STIJBY OF THE DISTRIBUTION OF IODINE BETWEEN 
CELLS AND COLLOID IN THE THYROID GLAND* 

I. METHODS AND RESULTS OF STUDY OP BEEF, SHEEP, AND 

PIG THYROID GLANDS. 

Bt ARTHUR L. TATUM. 

{From the Laboratory of Physiological Chemistry and Pharmacology^ 
University of Chicagoj Chicago,) 

(Received for publication, March 8, 1920.) 

At the present time there seems fairly general agreement among 
investigators that iodine in the thyroid gland plays a significant 
role in thjToid function. As a matter of fact most biochemical • 
and physiological studies of th^Toid gland activity have centered 
about iodine which has been taken as the basis of potency of prep- 
.arations and a presumptive index of the state of the gland. 

Morphological studies have partially correlated the architec¬ 
tural characteristics •with iodine content of the gland. Os'wald,^ 
Kocher,^ Marine and Williams,® and others have found a fair 
parallelism bet-ween the quantity of colloid and the quantity of 
iodine of approximately normal glands. It must be remembered, 
however, that the estimation of the amount and concentration of 
colloid in an}^ specimen of gland has not as yet been placed on a 
satisfactory basis, consequently the concentration of iodine in the 
colloid material cannot be accurately judged. On the other hand 
more evidently extreme colloid and hyperplastic types of glands 
appear to be anomalous in this relation which according to Kocher^ 
is due to variations in concentration of colloid material. 

. Gonceriiing the relative significance of colloid to glandular ac¬ 
tivity Bensley^ brought out morphological evidences based on 

^ Oswald, A., Virchows Arch, path. Anat., 1902, clxix, 444. 

® Koclier, A., Virchows Arch, path, Anat.j 1912, ccviii, 86. 

® Marine, D., and Williams, W. W,, Arch, Int. Med.^ 1908, i, 349. 

^ Bensley, R. R., Am, J. AnaL, 1916, xix, 37. 

47 



4<8 Distribution of Iodine in Thyroid Gland. I 


peiective staining reactions indicating that the actiTe secretion of 
the thyroid gland passes through what is iisualb" considered the 
bases of the cells into blood or hnnphatics and that the visible 
colloid represents either a waste product or a reserve. "^Diether’ 
colloid is considered as a reserve or as a waste product the mode- 
of its quantitative diminution or access to the circulation is yet 
an unsolved problem. 

One great dif&culty in evaluating the relative importance and 
significance of cells versus colloid, the latter being usually consid¬ 
ered the result of active secretion of the gland, has been the ina¬ 
bility to locate and follow accurately the course of the" iodine-con¬ 
taining body witiiin the gland itself. Most investigators believe, 
following Baumann^ and Oswald,® that the colloid is a secretion and 
is the material in which iodine is to be found. Oswald,® it will 
be recalled, scraped out mechanically colloid material from col¬ 
loid-rich glands fixed in 70 per cent alcohol and found iodine. 
The iodine content of the cells of colloid-containing glands had not- 
been specifically determined.'^ 

As a consequence, it is highly deshable to appi}" a method ade¬ 
quate to locate the iodine wuthin the gland in order to determine 
whether it is all in the colloid, all in the cells, or wiiether there- 
exists a physiological equilibrium between the iodine of the col¬ 
loid and the iodine of the cells, and further if there exists such 
an equilibrium it is desirable to determine the controlling factors. 
It is by such a study that evidences may be obtained bearing on 
the physical chemistry of the gland and the relative significance 
of colloid and active cells. Further, such knowledge might likely 
have an immediate bearing upon our conceptions of the mode of 
secretion and character of action of the normal stimulants to the 
gland whatever they may subsequently be found to be. It is with 
tins basic problem of localization of iodine-containing constituents 
in the th 3 'Toid gland that the 'work here presented is concerned. 

^ Baimann, E., Z. physioL Chem,, 1895-96, xxi, 319; 1896-97, xxii, 1. ' 

® Oswald, A., Z. physiol. Chem., 1899, xxvii, 14. 

^ Claude, H., and Blancketiere, A., J. physiol, et path, gm., 1910, xii, 563. 
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Methods, 

Separation of Cells from Colloid, 

As is perhaps generally known to morphologists frozen section 
preparations of unfixed thyroid glands do not retain the colloid 
material when such sections are floated in isotonic salt solu¬ 
tion. It is evident then that in such preparations the fluid col¬ 
loid readih^ leaves the opened acini. I have repeatedly tried to 
obtain evidences of colloid by selective staining reactions in such 
sections and have always failed. Furtheriiiore when the frozen 
preparations were prepared in an ammonia-cooled rooiii^ the com¬ 
pletely frozen section being placed nnmediately upon a slide, it 
was observed that after bringing the slide outside the cold cham¬ 
ber into a room at. ordinary room temperature the colloid was 
readily demonstrated to have spread more or less uniformly over 
the whole section as would glycerol or other fluid. These facts 
led to the idea of utihzing such preparations as a means of sepa¬ 
rating cells from colloid for purposes of chemical analysis. 

ThjToid glands obtained from the abattoir® or the laboratory 
as soon as possible after death of the animals were cut into blocks 
of suitable size for cutting on the freezing microtome. Sections 
were cut as thin as efficiently possible, or at least sufficiently thin 
to open all acini. Such sections were placed in Ringer^s solution 
immediately from the microtome knife, the sections separated 
from one another, and straightened out. Alter a sufficient quan¬ 
tity of sectioned material was obtained the sections were either 
picked out with a dissecting needle or, as a routine procedure, the 
whole mixture was centrifuged directly. The liquor was poured 
off (in some instances this liquor itself was analyzed and found 
to contain iodine), then a second portion of salt solution added to 
the cell mass, and the whole thoroughly stirred in order to remove 
any adhering colloid material. This second mixture was centri¬ 
fuged, the liquor poured off, and then the cell mass, including un¬ 
avoidable stroma, or connective tissue, washed out with a small 
quantity of distilled water onto a watch-glass. The material was 
evaporated carefully over a hot plate and then finahy dried at 
105°C, Unsectioned specimens of the whole gland were dried 
in the same manner for control values, 

® Tiirotigli the courtesy of Armour and Company, Chicago. 
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TABLE I. 


Q^janidaiive Determination of Iodine in Whole Glands and of Cells Free from 

Colloid Material, 


XTr. 

Weight ; 

of ! 

whole 
gland 
used. ; 

Iodine 

in 

Weight 

of 

cell mass 
used. 

Iodine 

in 

Katio of 
percentage of 
iodine in cells 
to percentage 
of iodine 
in whole gland. 

Morphology. 



whole 

gland. 

cell mass. 

Cells. 

Colloid. 

Pigl 

mg. 

250.2 

per cent 

0-377 

mg. 

171.5 

per cent 

0.076 

0.20 

Flat. 

Rich. 

a ^-5 


222.6 

0.81 

127/2 

0.274 

0.34 

ii 

ii 

Sheep 1 

251.0 

0.26 

104.0 

0.096 

0.37 

u 

it 

a* 

2 

367.0 

0.442 

126.5 

0.145 

0.33 

ii 

a 

a 

3 

266.5 

0.265 

125.5 

0.076 

0.28 

it 

it 

u 

4 

297.0 

0.198 

139.5 

0.046 

0.23. 

ii 

ii 

a 

5 

364.0 

0.19 

111.0 

0.078 

0.41 

ii 

it 

u 

6 

334.0 

0.273 

112.0 

0.086 

0.31 


it 

u 

7 

25S.5 

0.165 

93.0 

0.065 

0.39 

{( 

a 

a 

8 

308.5 

O.OS9 

195,0 

0.027 

0.30 

Cuboidal. 

Fair. 

a 

9 

231.0 

0.129 

90.3 

0.048 

0.37 

Flat. 

Rich. 

Beef 

1 

2 S 8.0 

! 0.151 

177.0 

0.128 

O.So* 


it 

u 

2 

248.0 

0.025 i 

155.5 

0.011 1 

0.44 

Columnar. 

Poor, 

ii 

3 

184.0 ' 

0.308 ' 

153.7 

0.128 ' 

0.42 

Flat. 

Rich. 

u 

4 

166.0 

0.468 

145.0 

0.192 

0.41 

ii 

a 

ti 

5 

141.0 

0.409 

163.0 

0.118 

0.29 

it 

t( 

i& 

6 

263.0 

0.429 

148.0 

0.118 

0.28 

ii 

ii 

ii 

7 

145.0 

0.021 I 

111.5 

None. 


Columnar. 

Poor. 

ii 

S 

228.5 

0.103 i 

80.5 

0.054 1 

0.53^ 1 

ii 

a 

ii 

9 

240.5 

0.065 1 

186.5 

0.055 1 


ii 

£C 

ii 

10 

134.5 ' 

0.023 ' 

llS-3 

0.011 i 

0.48 ' 

it 

a 

ii 

11 

200.5 : 

0.043 i 

182.5 

0.009 1 

0.21 

ii 

it 

ii 

12 

207.0 1 

0.042 

113.5 

0.015 ' 

0.36 

ii 

a 

ii 

13 ; 

252.2 

^ 0.039 

249.5 

0.014 

0.37 

ii 


ii 

14 : 

202.8 

i 0.366 

165.5 

0.111 

0.30 

Fiat. 

Rich. 

ii 

15 i 

24S.9 

0.040 

215.5 

0.010 1 

0.25 

Columnar. 

Poor. 

a 

16 1 

343.5 

I 0.051 

220.8 

0.020 

0.39 

a- 

a 

ii 

17 ’ 

349.3 

1 0-005 

319.3 

0.0054 

l.ost 

a 

ii 

ii 

18 ; 

302.0 

0.095 

191.5 

0.041 

0.43 

it 

it 


* Unexplainable high values. 

t Cells appear to contain a higher concentration, of iodine than whole 
glandj though the actual concentration is too low to be accurately 
determinable in such amounts of whole gland and of cell material used. 
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/odine Determ ination. 

The method used for iodine determination that described 
by Kendall.® This method was checked prior to adoption, bj" 
analysis of dried thyroid gland previously analysed b\" the Hunter 
method, and was found to be satisfactory for such material con¬ 
taining measurable quantities of iodine or quantities of material 
containing as a minimum 0.008 mg. of iodine. The limits of 
sensitivity appear to be rather the limits of thiosulfate titration 
than the preparatory technique. 

The actual concentration of iodine in thwoid cells is evidently 
higher than the values given in Table I for the reason that not 
alone epithelial cells but also connective tissues within and about 
the gland are included in the cell mass examined for iodine. How¬ 
ever, the same criticism applies as well to the whole gland for the 
iodine concentration is based on total gross weight of the material 
analyzed. 

DISCUSSION. 

It will be seen from Table I that, whereas the individual per¬ 
centages of iodine in different whole glands vary,, the cells, with the 
exception of those from one gland, all contain measurable amounts 
of iodine, and furthermore that the ratio of the perceMage of io-^ 
dine in cells to percentage of iodine in the whole gland comes to a fairly 
constant value. 

It is true that within the series of ratios themselves as much as 
100 per cent variation occurs, yet they are nevertheless of the 
same order of magnitude and hence may be considered a physio¬ 
logical constant for glands in this, particular functional condition, 
;T values of the ratios appear to fall well within relatively nar¬ 
row limits, regardless of the percentage values of the iodine in 
whole glands which differ among themselves up to 1,000 per 
cent. The wide variation of total iodine values adds considerable 
weight to the evidence of a relative percentage constant. While 
in the table of tw^enty-nine analyzed glands there are four ex¬ 
amples in wliich high ratios were obtained, it does not seem likely 
that the remaining twenty-four fall between the limits of 0.20 
and 0,48 by mere coincidence but are rather of some basic signifi- 

® Kendall, E, C., /. Biol. Chem., 1914, xix, 251, 
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cance* An occasional high value may be expected since in the 
method of separation adopted it is possible to have some unop¬ 
ened acini or incomplete separation or other unavoidable errors 
in technique. We feel that the lower values are more likely to be 
more exact. All available data have been presented without res- 
ervatioHj so that the case presented may stand on its own merits. 

The observed relative percentage constant may be quite analo¬ 
gous to the partition coefficient of a substance distributed between 
the solvents in a diphasic system. On the other hand this same 
percentage constant need not necessarily hold for pathological 
states within the gland which conceivably alter one or both 
phases or even the solute itself (iodine-containing molecule). 
Seasonal variation, various stages in physiological activity, or any 
other unknown factors might possibly alter the ratio though such 
does not appear to be evident from the series presented. These 
problems, however, are now being further investigated and will 
be reported in subsequent papers of this series of studies. 

In regard to the dog thyroid glands, previously reported in ab¬ 
stract, it may be stated that by using as a criterion the ratio values 
found for other species, the iodine values of the cells of such 
amounts of glands available from one animal calculate close to or 
below the lowest limits of sensitivity of the method for iodine 
determination. This explanation will rectify the conclusion re¬ 
corded in the preliminary notice in which there did not appear to 
be any measureable iodine in the cell fraction. It is only rational 
then to suppose that by taking glands from several animals that 
a sufficient quantity of cells could be obtained so that qiiantita-' 
tive studies of iodine content could be accurately made. This 
question will be more fully reported in a subsequent paper. 
may be now stated, however, that by taking a sufficient quantity'' 
of cell material iodine is usually to be found though in very low 
concentration^^ 

It is desirable to add that the conclusions drawn herewith de¬ 
pend upon the safety of the method. As to the question of the 
effects of freezing upon diffusibility of iodine-containing com¬ 
pounds, whether or not under such a procedure‘the iodized mole- 

Tatum, A. L., Proc, Soc, Exp, BioL and Med., 1919, xvii, 28. 

From part of the work now in progress in this laboratory in collabora¬ 
tion with Mr. H. B. ¥an Byke. 
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cule more readily leaves the cells or on the other hand enters the 
cellSj the following evidences may be cited. Subsequent fixation 
and staining are inadequate to demonstrate any readil}" detectable 
alterations in morphology. , Concerning diffusion changes it has 
been found that cells from iodine-poor glands placed in colloid- 
containing liquor obtained from iodine-rich glands do not appear 
to alter in iodine content within an hour or so at room, tempera- 
tiired^ It must be admitted, however, that the iodine concentra¬ 
tion of the liquor (Ringer’s solution plus dissolved colloid) is far 
lower than the original colloid bathing the cells in situ. Yet this 
seems to us to answer possible objections on the basis of our meas¬ 
urements being a question of mere equilibria between cells in sus¬ 
pension and iodine of the colloid in solution. Since the liquor was 
relatively rich in organically bound iodine, cells poor in iodine 
should on a purely physical basis have been raised in iodine con¬ 
tent to a value equal to that of the cells from the gland rich in 
iodine. But such w’as not the case. The iodine content of cells 
from the iodine-poor gland remained the same w^hether placed in 
iodine-rich or iodine-poor liquor. 

SUMMARY. 

1 . A new method is described for the separation of cells from 
colloid of the thyroid gland for chemical study. 

2. Iodine is found in both cells and colloid of beef, sheep,and 
pig thyroid glands. 

3. The ratio of percentages of iodine in cells to iodine in whole 
glands appears to be relatively constant for pig, sheep, and beef 
thyroid glands, even though such glands vary both in morphology 
and in total iodine content. 




FURTHER STUDIES ON THE ELIMINATIOW OF TAURINE 

ADMINISTERED TO MAN.^ 

By carl L. a. SCHMIDT and E. G. ALLEN. 

{From the Department of Biochemistrij and Pharmacology^ University of 

California, Berkeley.) 

(Received for publication, March 3, 1920.) 

The question as to the fate of certain amino-acids when given 
in large doses has been the subject of nuiiieroiis papers. The 
evidence that the portion which is excreted by the kidney is 
combined with urea in the form of uraniino-acid rests on the 
basis that this compound has been isolated from urine. 

Schultzen ^ isolated sarcosincarbamic acid from the urine of a dog fed 
with sarcosin, but the quantitative differences in yield noted by Baumann 
and von Mering,- Salkowski/** and Schiffer ^ on repeating this experiment 
can hardly be attributed to individual variability of the experimental 
animals. The ease with which amino-acids combine wdth urea to form 
the corresponding uramino-acid ^ would lead one to suspect that the latter 
when found in .urine was not preformed in the body but a resultant of the 
process used for its isolation, and the quantity obtained dependent upon 
the particular technique used. Dakin® fed inactive tyrosine and phenyl¬ 
alanine to cats and although he found, in accordance writh results previously 
obtained by Blendermann," uramino-acids in the urines of his experimental 
animals he recognizes the possibility that these substances were formed in 
the process of isolation from the unchanged amino-acid present in the 
urine. When the urine was acidified with acetic acid as soon as passed 
the yield of uramino-acid wras so small as to be insufficient for identifica- 

* Aided in part by a grant from the George Williams Hooper Foundation 
for Medical Research. 

1 Schultzen, O., Ber. chem. Ges., 1872, v, 578. 

2 Baumann, E., and von Mering, J., Ber. chem. Ges., 1875, viii, 5S4. 

s Salkowski, E., Z. physiol, Chem., 1880, iy, 100. 

^ Schiffer, J., Z. physiol. Chem., 1881, v, 257. 

® Weiland, W., Biochem. Z., 1912, xxxviii, 385. Lippich, F., Ber. chem., 
Ges. 1908, xli, 2974. 

® Dakin, H. D., J. Biol. Chem., 1910, viii, 25, 35. 

^ Blendermann, H., Z. physiol. Chem., 1882, vi, 234. 
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Ob 

tioii. The iciiiziTe of Holide^ to obtain by analytical methods, after decom- 
pending the urea with urease, evidence of the presence of uramino-acid in 
the urine of a cat injected with phenylalanine, indicates that-the a-iireidio- 
.^-prienvlpropicinic acid isolated by Dakin^ in a similar experiment was 
formed after the urine had been passed. 

The experiments of Salkowski^^ on the elimination of taurine have 
been of particular interest to us. % He found that taurine when taken by 
mouth was elimiiioied in large part 'in the urine. This W’as determined by 
estimating,the increase in neutral The substance which he isolated 

was not taurine but taurocarbamic "'^cid. Experirhents reported by, 
Schmidt, von Adeliing, and Watson^^ conEymed Salkowski^s findings -with 
regard to the increase of neutral sulfur. H, however, appears to us in 
view of the doubt which exists as to the formation of uramino-acids in the 
body that the taurocarbamic acid isolated by Sh 24 howski was formed after 
the urine had been passed. Our data presented be^ow show that taurine 
is excreted in the free state and not combined with tii'^a as taurocarbamic 
acid. "" * 

Since taurine yields its nitrogen quantitatively in 4 minii^s^ 
when shaken with nitrous acid while the uraniino-acid gives off ' 
its nitrogen but slowly, use was made of the method of VanSlyke^^ 
for the deteniiination of a-amino nitrogen and the nitrogen due 
to slowly reacting amines in tlie urine of a subject to whom taurine ' 
•was administered. If taurine is excreted in the urine in the''free 
state an increase in a~amino nitrogen over the normal outpU|^ 
should be noted, but if it is present as taurocarbamic acid the'''' 
nitrogen obtained from the slowiy reacting amines should show a 
corresponding increase. Preliminary experiments in wliich tau¬ 
rine and taurocarbamic acid were added to urine showred that 
taurocarbamic acid ivas not split by urease/^ and that the added 
taurine could be quantitatively^ estimated from the increase of 
a-amino nitrogen. 

A subject was placed on a constant diet and the normal excretion 
of total nitrogen, amino-acid nitrogen, and sulfur determined, 

® Rohde. A., J. Biol. Chem., 191S, xxxvi, 467. 

^ Dakin, H. D., J. Biol Chem,. 1909, vi, 235. 

Salkowski, E., Virchows Arch. path. Anat., 1S73, Iviii, 460, 580; Ber. 
chem. Ges., 1S72, v, 637, 

Schmidt, G. L. A., von Adelung, E., and Watson, T., J. Biol Cheni., 
191S, xxxiii, 501. 

Foster, j\L G., and Hooper, C. W,, J. Biol Chem., 1919, xxxviix, 355. 

, Van Siyke, D. D,, J. Biol Chem., 1913-14, xvi, 125. 

Previously noted by Mateer, J. G., and Marshall, E. K., Jr., J. BioL 

Chem., 1916, xxv, 297. 
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TABLE I. 
Subject I. 


Day of 
experi¬ 
ment. 

Total 

nitrogen. 

nitrogen. 

Nitrogen 

from 

slowly 

reacting 

amines.* 

Total 

sulfur. 

Total 

sulfates. 

Neutral 

sulfur. 

Remarks. 


gm. 

gm. 

gm. 

gm. 

gm. 

gpi. 


1 

10.1 

0.38 

0.11 

0.80 

0.66 

0.14 


2 

10.3 

0.44 

0.05 

0.82 

0.67 

0.15 


3 

9.3 

0.38 1 

0.10 

0.72 1 

0.58 

O.M 


4 

11.0 i 

1.12 : 

0.12 

2.49 ; 

0.70 

1.79 i 

10 gm. taurine by 


1 






mouth. S = 2.56 

5 

1 

9.8 1 

0.46 : 

0.09 

0.84 

0.63 

0.21 1 

gm. 

6 

9.3 

0.38 

0.09 

0.78 

i 0.56 I 

0.22 



* Calculated on the basis of 4 minutes. 


TABLE II. 
Subject II, 


Day of 



Urea 


Ammonia 


Total 

Urea 

nitrogen 

Ammonia 

nitrogen 

Remarks. 

ment. 

nitrogen. | 

nitrogen. 

in total 
nitrogen. 

nitrogen. 

in total : 
nitrogen. 


Experiment A. 


1 

1 

9.0 

gm. 

7.4 

per cent \ 

82 

gm. 

0.5S 

per cent 

6.4 


2 

9.4 

7.4 

79 

0.54 

5.7 


3 

8.7 

6.7 

77 

0.66 

7,6 

3.3 gm. taurine by 

4 " 

9.4 I 

7.3 

78 

1 

0.57 1 

6.1 i 

mouth in 10 (hour¬ 
ly) doses. 

5 

10.4 

7,3 

70 

0.79 ! 

7.6 ' 

14 gm. taurine by 

6 

I 9.3 

7.4 

SO 

0.65 

7.0 

mouth in 10 (hour¬ 
ly) doses. 


Experiment B. 


1 

6,6 

> 5.7 

86 

0.44 

6.7 


2 

7.5 

6.2 

83 

0.52 

6.9 


3 

8.7 

'7.0 

80 

0.51 

5.9 


4 

9.5 

7.0 

74 

0.48 

5.1 

15 gm. taurine intra- 

w 

5 

8.2 , 

7.2 

88 1 

0.43 1 

5.2 

venously. 

6 

8.8 

6.8 

77 i 

0.46 

5.2 

15 gm. taurine intra¬ 

7 

^ 8.1 

6.4 

79 

0.56 

6.9 i 

venously. 
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Elimination of Taurine 


He was then given 10 gm. of taurine by mouth and similar deter¬ 
minations were carried out for this day as well as for several 
siieceediiig days. The results are given in Table I. It is at once 
evident that ingestion of taurine has resulted in an increase of 
both neutral sulfur and a-amino nitrogen, in amounts which 
correspond to about 63, per cent of the ingested taurine. There is 
no increase in the slowly reacting amines, indicating that no 
appreciable amount of taurine has combined with urea to form 
taiiroearbaiiiic acid. On the basis of increase in total nitrogen 
excreted, the amount of taurine eliminated is greater than that 
calculated from the sulfur or a-amino nitrogen. Since there is 
a greater variability in the total nitrogen figures the latter method 
of calculation seems the more accurate. 

Several other experiments were carried out to determine the 
effect, if any, of the ingestion of taurine on the excretion of urea 
and ammonia in urine (Table II). If urea and taurine com¬ 
bined in vivo and the reaction follows the same course as in vitro 

NHa CONH2 

/ 1 

CO -fNH2CH2CH2SOsH-> NH3 -f NHGH2CH2SO3H 

\ 

NH2 

a decrease in urea and a corresponding increase in ammonia 
nitrogen should be expected. Within the normal variability the 
amounts of urea and ammonia excreted are not affected by the 
administration of taurine. These figui*es support those of the 
previous experiment and point to the conclusion that taiiro- 
carbamic acid is not a metabolic end-product when taurine is 
ingested. 


SmUilARY. 

1 . Determinations of neutral sulfur and amino-acid nitrogen 
in the urine of an individual given 10 gm. of taurine by mouth 
show a dose agreement in the increase of a-aniino nitrogen and 
neutral sulfur over the control period, indicating that taurine is 
not eliminatecl as taurocarbamic acid. 

2 . Adiiiinistration of taurine in large doses does not result in 
any marked changes in the excretion of urea and ammonia. 



SOME PROTEINS FROM THE GEORGIA VELVET BEAN, 
STIZOLOBIUM DEERINGIANUM« 

By carl O. JOHNS axd HENRY G. WATERMAN. 

{From the Protein Investigation Laboratonj, Bureau of Chemisirg, United 
States Department of Agriculture^ Washington.) 

(Received for publication, March S, 1920.) 

The Georgia velvet bean is a sport of the Florida velvet bean, 
Stizolohmm deeringianum, from which it differs principally in 
having the shortest season of all the cultivated Stizolobia, so that it 
can be successfully grown in the extreme northern part of the cot¬ 
ton belt. It is used chiefly as cattle food and in 1917 its produc¬ 
tion had already increased to such an extent as to exceed that of 
any other plant of the group. The beans themselves are of a 
mottled color, dark brown and white. They are spherical to 
ovoid in shape, slightly flattened, about | inch in greatest 
diameter, and extremely hard and tough. 

An examination of the proteins of the closely related Chinese 
velvet bean, Stizolohium nimmn, has already been published by this 
laboratory.^ The increasing importance of the Georgia strain, 
however, seemed to make it desirable that the latter also should 
be made the subject of a special study.‘-^ Considerable differences 
in the nature of the protein content of the two seeds have been 
brought out, as will be seen if comparison is made of this with the 
preceding paper. 

The Georgia velvet bean contains about 23.6 per cent of protein 
(N X 6.25), 3 per cent sodium chloride solutions extract a 
maximum of about 15 per cent of protein from the finely ground 
seed; and a yield of 13 per cent of mixed proteins is obtainable by 


^ Johns, C. O., and Finks, A. J., J. Biol. Chem., 1918, xxxiv, 429. 

® For information concerning the development, culture, and use of vel¬ 
vet beans we are indebted to Dr. G. V. Piper of the Bureau of Plant 
Industry of the Department of Agriculture. The beans used in this inves¬ 
tigation were furnished by the Bureau of Plant Industry. 
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(30 Georgia Velvet Bean Proteins 

coagulation from the slightly acidified extract at the boiling tem¬ 
perature. 

From the sodium chloride extracts we have separated three 
types of protein: a globulin preparation, referred to in this paper 
as lire a-gloinilin. wliicli is precipitated from the extract by 0.4 
of saturation with ammonium sulfate, coagulates at 70-78°C., and 
contains 0.90 per cent of sulfur; a second type of globulin prepara¬ 
tion. which we have designated the ^-globulin, requiring 0.6 to 
0.7 of satui’ation with ammonium sulfate for precipitation, coagu¬ 
lating at 90-100°C., and containing but 0.45 per cent of sulfur; 
and an albumm tj’pe, obtained by coagulation from aqueous ex¬ 
tract.? previously freed from globulin by prolonged dialysis. The 

TABLE I. 


Percentages of the Basic Amino-Acids in the Proteins from the Georgia Velvet 

Bean. 


AmiBO-aeid. 

a'-GIobulin. 

iS-GIobuIin. 

Albumin. 

I 

II 

I 

II 

I 


per cent 

per cent 

per cent 

per cent 

per cent 

Cystine. 

1.03 

1.04 i 

0.91 

0.87 

1.92 

Arginine. 

7.25 

7.14 

8.09 

8.28 

6.13 

Histidine. 

1.34 

1.14 

3.32 

3.43 

0.82 

Lysine. 

8.20 

8.44 

8.61 

8.42 

8.20 


globiilins are thus precipitated, and are removed by decantation 
and filtration, while the albumm I'emains in solution. This coag¬ 
ulates at 54-62°C., and contains about 1.00 per cent of sulfur. 

Particularly striking is the behavior of these preparations in 
the qualitative test for tryptophane by Hopkins and Cole's reac¬ 
tion. The a-globuMn shows strongly the color reaction charac¬ 
teristic of tr\q)tophane; but the /^-globulin gives no trace of the 
reaction, even after long standing. The albumin preparations 
give the test at once, and after several hours standing the color 
becomes very intense. 

The percentages of the basic amino-acids in these proteins, as 
determined by Van Slyke's method,^ are given in Table'l, 

« Van Slyke, D. D., /. BioL Chem.. 1911-12, x, 15. 
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EXPERIMENTAL. 

P'relimimry. 

Extraction Experiments .—The whole beans were crushed in a power- 
driven meat chopper and ground to a fine meal in a pulverizing mill. Ex¬ 
tractions were then made to ascertain the solvent best suited for the extrac¬ 
tion of the proteins. 10 gm, samples of the meal were thoroiighlv stirred 
with 200 cc. portions of the solvent. The mixtures were allowed to stand 
for 24 hours at room temperature in order to secure as complete an extrac¬ 
tion as possible. The supernatant liquid was then filtered off through 
small folded filters, and nitrogen determined in 20 cc. aliquots. The results 
(Table II) indicate 3 per cent salt solution as the most effective of the sol¬ 
vents tried. This solution was used for the extraction of the globulin pre¬ 
parations described in this paper. 

TABLE II. 


Preliminary Extraction Experunents. 


Solvent (NaCl). 

Nitrogen extracted 
from meal.* 

Protein extracted 
from meal.* 

per cent 

per cent 

per cent (X X 

10 

1.75 

10.94 

7 

2.04 

12.73 

0 

* 2.30 I 

14.41 

3 

2.42 I 

15.09 

1 

2.23 i 

13.95 

0.1 

1.66 

10.36 


* Computated as percentage of tota-1 dry substance. 


Precipitation with Ammonium Sulfate. —To determine the behavior of 
the proteins in the saline extract toward ammonium sulfate, 10 cc. portions 
of the extract were made successively from 0.1 to 0.9 saturated with the pre¬ 
cipitant, filtering after each addition through a small folded filter moistened 
with an ammonium sulfate solution of the same concentration as that of 
the test solution. These tests indicated the presence of but one globulin 
fraction, that precipitated by 0.4 of saturation with ammonium sulfate; 
and a number of preparations were made. It was later observed, howmver, 
in working with large volumes of extract (5 or 6liters), that a small further 
precipitate was produced by increasing the concentration of ammonium 
sulfate to 0.6 of saturation. Separations of the two globulin fractions were 
then made as described in the following section. 
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The a- and ^-Globulins, 

-2 or 3 kilos of Diea! were thorouglih' stirred with five vol¬ 
umes of u 3 per cent distilled water solution of pure sodium chloride. The 
exrraetioij was allowed to continue for 24 hours at about 2°C. Filter paper 
scrap was then added in sufi5eient quantity to produce a pulp of a consist¬ 
ency suitable for pressing, the pulp placed in muslin bags, and the liquid 
pressed out in a powerful press. The resulting turbid extract was filtered 
by suction through thick mats of filter paper pulp on Buchner funnels and 
the filters were washed once with a small volume of 3 per cent salt solution. 

Preparaiion of the a-Globulin .—The filtered extract was measured and 
made 0.4 saturated with ammonium sulfate. The finely powdered precipi¬ 
tant was added slowh^ and with vigorous stirring, each portion being com¬ 
pletely dissolved before more was added. The voluminous precipitate be¬ 
came floceuieiit and settled in about J hour. It was filtered off on a folded 
filter, washed from the filter with 0.4 saturated ammonium sulfate solution, 
again filtered off, and finally redissolved with distilled water, the ammo¬ 
nium sulfate which remained in the paste supplying in this case the neutral 
salt necessary for the solution of the globulin. This solution, after filtering 
clear, was dialyzed 10 or 12 days in parchment paper bags against running 
cold water. The precipitate thus formed was washed free from remaining 
traces of chlorides with distilled water, dehydrated by suspension for 24 
hours in absolute alcohol, freed from alcohol by washing on a Buchner 
funnel with absolute ether, and dried by gradually heating to 110°C. in a 
vacuum oven. Preparations made in this manner constituted the a-glob- 
ulin. The yield is from 2,75 to 3,00 per cent of the meal extracted. 

Preparation of the ^^Globulin .—The filtrate and washings from the origi¬ 
nal precipitate of cK-globulin were measured and made 0.5 saturated with 
ammonium sulfate and the extremely small precipitate was removed. From 
the filtrate the ,^-globuIin was throwm out by adding ammonium sulfate up 
to 0.7 of saturation. Most of this fraction is thrown down at 0.6 of satura¬ 
tion with the precipitant, and separation is complete at less than 0,7 of 
saturation. The purification and drying of this material were carried out 
exactly as described for the a-globulin. The yield is about 1.25 per cent of 
the meal extracted. 

Physical Properties—Th.^ precipitation limits of tlie globulins 
with ammonium sulfate have been noted in the preceding para¬ 
graphs. The coagulation temperatures w^ere determined by re¬ 
dissolving smaE portions of the dialysis precipitates in 3 per cent 
salt solution, adding 0.5 per cent of acetic acid, and heating at 
the rate of about 0.5°C. per minute until coagulation began and 
then very slowdy until the precipitate was flocculent and the super¬ 
natant liquid clear. The apparatus used was similar to that 
employed in the determination of melting points, except that a 
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test-tube containing the solution under examination with a ther¬ 
mometer immersed therein was substituted for the thermometer 
with attached melting point tube. Under these conditions the 
a-globulin shows cloudiness at 70°C.j a fiocculent precipitate at 
74-75^C., and apparently complete coagulation with the superna¬ 
tant liquid clear at 78'^C. The ^S-globulin clouds at about 90*^0.j 
shows a fiocculent appearance at 97°C., and the cloudiness of the 
supernatant liquid disappears but slowh^ at the boiling tempera¬ 
ture. 

No evidence of crystalline form could be observed in the dialy¬ 
sis precipitates of either of the globulins. The appearance of the 
a-globulin under the microscope w^as that of extremely minute, 
amorphous, translucent particles; the jS-globulin was in all re¬ 
spects similar, except that the particles were considerably coarser. 
The finished preparations are pale gray, dusty powders, light, and 
decidedly hygroscopic; exposed to the air, they absorb from 6 to 
10 per cent of moisture. 

Qualitatwe Examination. —The ordinary protein reactions are 
shown b}^ both globulins, with the exception of the reaction of 
Hopkins and Cole, wiiich depends upon the presence of trypto^ 
phane. The color characteristic of this amino-acid develops im¬ 
mediately, and strongly, when the test is applied to the a-globulin, 
but careful and repeated testing of all our preparations of the 
/3-globiilin failed to show any trace of the reaction.^ This is particu¬ 
larly interesting inasmuch as no vegetable globulin has liitherto 
been shown to lack tryptophane. The prolamin, zein, from Zea 
mays is the only vegetable protein which heretofore has been shovrn 
to be entirely without this amino-acid. 

Molisch^s test indicates the presence of but traces of carbohydrate 
in the a-preparations, since the color given is very faint. The j3- 
preparations, with one exception, did not show the reaction at all; 
in the one case in which the test was positive the color was barely 
detectable. The faint colors produced in* this very sensitive test 
would seem to indicate that the traces found are impurities 
merely, probably filter paper fibers. 

Phosphorus was not found in .either protein. 

^ Osborne and Mendel have been kind enough to test this ^-globulin for 
us, and have confirmed our results. 



64 Georgia Velvet Bean Proteins 

TABLE III. 

a-Globiilin, 


Preparation I. : Preparation II. 



I 

! II 

A^’erage. 

Ash-free. 

; I 


i Avei‘age 

Ash-free. 


per tent 

; per ceM 

per cent 

per cent 

1 per cejit 

I per cent 

per cent 

per cent 

Carbon..... 

52.49 

i 52.68 

52.59 

53.03 

62.so 

52.89 

52.85 

52.97 

H5’drogeii.. , 

6.7S 

! 6.69 

6.74 

6.SO 

6.77 

6.81 

6.79 

6.81 

^iitrogen.... 

16.5S 

; 16.62 

16.60 

16.74 

16.72 

16.72 

16.72 

16.76 

Sulfur. 

0.92 

i 0.86 

0.S9 

0.90 

0.91 


0.01 

0.91 

Oxygen*.... 


f 


22.53 




22.53 

Ash.A. 

0.79 

I 

0.79 


0.24 


0.24 



Preparation III. 

Preparation IV. 

Carbon. 

53.09 

53.30 

63.20 

53.36 

62.39 

52.45 

52.42 

52.97 

Hydrogen.., 

6.79 

6.92 

6.S6 

6.88 

6.71 

6.72 

6.71 

6.79 

Nitrogen_ 

16.66 

16.69 

16.68 

16.73 

16.20 

16.28 

16.24 

16.41 

Suifur. 

0.93 


0.93 

0.93 

o.ss 


0.88 

0 89 

Ox\’gen*.... 




22.10 


22.94 

Ash. j 

0.32 


0.32 


0.93 


0.93 



By difference. 


TABLE IV. 

^-Globulin. 



Preparation I. 

Preparation II. 


I 

II 

Average. 

.\sh-free. 

1 

II 

{Average. 

Ash-free, 


per cent 

per cent 

per cent 

per cent 

per c€7ii 

per cent 

per cetii 

per cent 

Carbon. 





52.85 

52.87 

52.86 

53.16 

Hydrogen,.. 





6.77 

6.76 

6.77 

6.80' 

Nitrogen.... 





17.09 

16.93 

17.01 

17.11 

Sulfur.. 

0.44 

0.45 

0.45 

0.45 

0.45 


0.45 

0.46 

Oxygen*.... 








22.47 

Ash . 

0.63 


0.63 


0.55 


0.55 



Preparation III. 

Preparation IV. 

Carbon..... 

53.29 

53.28 

53.29 

53 .‘34 

52.66 

52.09 

52.68 

52.99 

Hydrogen,.. 

6.71 

6.78 

6.75 

6.76 

6.75 

6.79 

6.77 

6.81 

Nitrogen.... 

17.18 

17.07 

17.13 

17.17 

17.54 

17.35 

17.45 

17.55 

Sulfur.__ 

0.45 


0.45 

0.46 

0.44 


0.44 

0.45 

Oxygen*..,. 




52.26 




22.20 

Ash..... 

0.11 


0.11 


0.58 


0.58 



By difference. 
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Elementary Composition ,—On account of tlieir liygroscopic 
properties wiiich render the accurate weighing of dry samples im- 
possible^ all preparations were exposed in thin layers^ until ecfui- 
libriimi -with the moisture of the air was reached. i\Ioistnre and 

TABLE V. 

Eistrihution of Nitrogen in the a-Glohidin as Determined hij Van Shjhe^s 

Method.'^ 

Sample I,moisture- and ash-freCj 3.0212 gm. protein, 0.5057 gm. nitrogen.f 
II, “ 2.97SS “ 0.40S4 


gm. j gm. Iper ccnt:per ctnt'.per cent 


Amide N. 

...jO 

.0457 

lo 

.0445^ 


.041 

S 

.93, 

8, 

.99 

Hiimin N adsorbed by lime. 

...jO, 

.0077 

io. 

.0064' 

I 

,53| 

1, 

.30; 

1, 

.42 

N in amjd alcohol extract.... 

...lo. 

.000210. 

.0015 

1 0, 

,04l 

0 

.30 

0, 

.17 

Cystine N. 

...|o 

.0037 

iO. 

CD 

CO 

8 

i 0, 

.73! 

0 

. 72 ; 

0, 

.73 

Arginine N. 

...io 

.0696h, 

.0695 

13, 

.75! 

13, 

.95; 

13, 

.85 

Histidine N. 

...iO 

.0093 

0, 

.OIOS; 

i 1 

.85^ 

2 

.17; 

2, 

.01 

Lysine N. 

...|o 

.0490;0 

.0469 

9, 

.69! 

9 

.42 

9, 

.56 

Amino N of filtrate. 

...iO 

.2994 

lO, 

.2952 

1 59, 

.20i 

59 

.23 

59, 

.22 

Non-amino N of filtrate. 

...jo 

.0218 

!o 

i 

.0210 

4, 

.32i 

4 

.22j 

4 

.27 

Total nitrogen recovered. 

...jo.5064 

0.4994 

100 

.15 100.24| 100.22 


* Nitrogen figures corrected for the solubilities of the bases, 
t Nitrogen content of protein, 16.73 per cent. 


TABLE VI. 


Basic AminorAcids in the a~GlohuUn. 


Amino-acid. 

I 

II 

Average. 


per cent 

per cent 

per cent 

Cystine. 

1.03 

1.04 

1.04 

Arginine. 

7.25 

1 7.14 

7.20 

Histidine. 

1.34 

1.14 

1.24 

Lvsine. 

8.20 

! 8.44 

1 S.32 


ash -were then determined, and all analyses calculated on the mois- 
ture-free basis. The results are given in Tables III and IV. 

Distribution of Nitrogen in the Globulins as Determined by Van 
Slyks^s Alethod ,—Duplicate samples, about 3 gm., of each of the 
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globiiliiis were liydrolyzed by boiling for 24 hours with 100 cc. 
of 20 per cent hydrochloric acid. The phospliotiingstates of the 
bases were decomposed by the amyl alcohol-ether method.^ The 
results are given in Tables Y, VI, YII, and VIII. 

TABLE VH. 

Disirih'utwn of Xitrogen in the ^-Globulin as Determined by Van Slyke's 

Method* 


Sample 1, moisture- and asli-free, 2.S713 gm. protein, 0.491S gm. nitrogen.f 

2.8708 0.4917 “ 


i I i II 

! i ! 

I 

II 

Aver¬ 

age. 


1 gm. j gm. 

per cent 

per cent 

per cent 

Amide N... 

.0.0532:0.0536 

10.81 

10.89 

10.85 

Himiin N adsorbed by lime. 

. 0.00700.0074 

1.41 

1.50 

1.46 

N in amvi alcohol. 

.j0.0002|0.0002 

0.04 

0.04 

0.04 

G vs tine N....... 

.;0.0031!o. 0029 

0.63 

0.59 

0.61 

Arginine N. 

..,...'0.0748:0.0766 

15.21 

15.57 

15.39 

Histidine N... 

.;0.0259:0.0267 

5.26 

5.43 

5.34 

Lysine N—.... 

.'0,0475:0.0464: 

9.65! 

; 9.44 

! 9.55 

Ammo N of filtrate. 

.i0.25S0to.2572! 

52.46 

52.30 

52.38 

Non-amino N of filtrate. 

.:0.0229,0.0192i 

4.65 

3.90 

4.28 

Total nitrogen recovered. 

.;0.4926|0.49021100. T2 

99.66 

99.89 


^ Nitrogen Jigures corrected for the solubilities of the bases, 
t Nitrogen content of protein, 17.13 per cent. 


TABLE VIII. 


Basic Amino-Acids in the ^-Globulin. 


Amino-acid. 

1 I 

II 

Average. 


1 pet cent 

per cent 

per cent 

Cvstine..... 

. ' 0.91 

0.87 

0.89 

Arginine... 

. : 8.09 

8.28 

8.19 

Histidine... 

.1 3.32 : 

3.43 

3.38 

Lysine. 

. i 8-61 ! 

8.42 

8.52 


The Albu7yiin. 

Preparation .—1 or 2 kilos of meal were stirred with five volumes of dis¬ 
tilled water and the extraction was allowed to continue over night at about 
2°C. The mixture was then prepared and pressed and the extract filtered, 

® Van Slyke, D. D., /. BioL Chem,, 1915, xxii, 281. 
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exactl}'' as in the preparation of the giobnlins. The extract was dialyzed 
directly, without previous treatment with ammonium sulfate, for 10 or 12 
days and the precipitated globulin removed by decantation and filtration. 
The clear filtrate w^as dialyzed again for several da^-s, the precipitate re¬ 
moved, and the dialysis resumed. This process was continued till the pre¬ 
cipitation of the globulins appeared to be complete. The albumin was 
obtained from the filtered dialysis liquors by coagulation at a temperature 
which was not allowed to exceed 65 °C- (the coagulation range is from 54 ~ 
'82®C.); this coagulum, after washing with warm distilled water until the 
last washings were free from chlorides, was dried by means of absolute alco¬ 
hol and ether with final heating to 110°C. in vacuo, as was done in the case 
of the globulin preparations. The yield is 0.6 to 0.75 per cent. 

Physical Properties. —^The albumin coagulates from its slightly 
acidified solution witliin the range 54~62^C. The finished prepa¬ 
rations are very similar in appearance to those of the globulinSj 
though somewhat lighter in color. 

Qualitative Examination. —^The ordinary protein reactions are 
given by this material. Hopkins and Cole’s color reaction for 
tryptophane develops slowly but becomes very strongly positive 
on standing. Traces of carbohydrate are present; probably the 
feebly positive test is due to minute quantities of filter paper 
fibers. 

Elementary Composition. —The same procedm’e was adopted as 
in the analysis of the globulins, the results being calculated on 
the moisture-free basis. The albumin preparations are sharply 
differentiated from those of either of the globulins by their higher 
sulfur and lower nitrogen content. The analysis is summarized 
in Table IX. 

Nitrogen Distribution in the Albumin as Determined by the 
Van Slyke Method. —Owing to the extremely smal yield of this 
protein, material for duplicate determinations was not obtained. 
2.0079 gm. of the albumin, equivalent to 1.8327 gm. of moistiire- 
and ash-free protein, were hydrolyzed by boiling with 100 cc. of 
20 per cent hydrochloric acid for 24 hours. Analysis of the hy¬ 
drolysate was then made according to Van Slyke’s directions, 
using the amyl alcohol-ether method^ for the decomposition of 
the precipitate of the basic amino-acids. The calculated nitro¬ 
gen of the sample is 0.2931 gm.; recovered, 0.2933 gm. The 
figures obtained are given in Tables X and XI. 
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TABLE IX. 

Albumin, 



Preparation I. 

Preparation II. 


I 

II 

Average . 

Ash-free. 

I 

II 

Average . 

Ash-free. 


■per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Carbon..... 

52.61 

52.76 

52.69 

53.36 

49.51 

49.49 

49.50 

53.43 

Hydrogen... 

6.72 

6.67 

6.70 

6 .SO 

6.27 

6.20 

6.24 

6.73 

Nitrogen.... 

15.67 

15.81 

15.74 

15.96 

15.05 


15.05 

15.76 

Sulfur. 

0.99 i 

1 1.01 ! 

1 1.00 

1.02 

i 0.97 


0.97 , 

1.00 

Oxygen"^.... 

22. S6 



23.08 

Ash.... 

1.23 


1 1.23 


3.75 


3.75 



* By difference. 


TABLE X. 


Disirihutioji of Xitrogen in the Albumin as Determined by Van SlyWs 

Method.'^ 


Sample, ash- and moisture-free, 1.8327 gm. protein, 0.2931 gm. nitrogen.f 


Amide N... 

Humin N adsorbed by lime. 

“ N ill amyl alcohol extract, 

Cystine N... 

Arginine N.. 

Histidine N... 

Lj'sine N. 

Amino N of the filtrate. 

Kon-amino N of the filtrate. 


Total nitrogen regained. 


g^n. 

per cent 

0.0266 

9.OS 

0.0053 

1.80 

0.0000 

0.00 

0.0041 

1.41 

0.0362 

12.35 

0.0041 

1.41 

0.02S9 

9.85 

0.1881 

64.25 

0.0010 

0.34 

0.2943 

100.49 


* Nitrogen figures corrected for the solubilities of the bases, 
t Nitrogen content of protein, 15.99 per cent. 


TABLE XI. 

Basic Amino-Acids in the Albumin, 


per cent 


Cystine..... 1,92 

Arginine.6.13 

Histidine. 0.82 

Lysine........ 8.20 
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SUMMARY. 

The Georgia velvet bean contains 23.6 per cent of protein 
(NX6.25). Experiments with sodium chloride in various con¬ 
centrations indicate a 3 per cent aqueous solution as the most 
effective solvent. This solution extracts about 15 per cent of 
protein. 

From the 3 per cent sodium chloride extracts a yield of about 
13 per cent of mixed proteins may be secured by coagulation 
with heat. By the fractional precipitation of the extract with 
ammonium sulfate, however, and by subsequent purification of 
the fractions as described in this paper two globulins, designated 
as the a- and /3-globulins, msbj be separated, in yields of about 3 
and 1.25 per cent, respective!}^; and an albumin is found in ex¬ 
tracts which have been freed from globulin by repeated dialysis. 
The latter protein may be coagulated in yields of about 0.75 per 
cent by the prolonged heating of its slightly acidified solution at 

xVnalyses of the three proteins show marked differences in the 
nitrogen and sulfur content, and in the distribution of nitrogen 
as determined by Van Slyke^s method. 

Qualitative examination indicates that the /3-globulin contains 
no tryptophane, an observation of particular interest in view of 
the fact that this amino-acid has been found to be present in all 
seed globulins heretofore tested. The a-globiiliii and the albumin 
from the Georgia velvet bean both contain tryptophane. 




EXPERIMENTAL STUDIES ON GROWTH/^ 


X¥. ON THE GROWTH OF RELATIVELY LONG LIVED COMPARED 
WITH THAT OF RELATIVELY SHORT LIVED ANIMALS* 

By T. BRAILSFORD ROBERTSON axi> L* A. RAY, 

(From the Department of Physiology and Biochemistry.^ Vniversity of Adc- 
lauUj South Australiaj and the Department of Biochemistry^ 
University of Toronto, Toronto.) 

Experimental Results, 

In previous articles of this series^ experiments have been de¬ 
scribed in which the growth of white mice fed upon a varied and 
abundant diet, to which specified unusual additions had been 
made, was compared with the growth of similar animals fed upon 
the same diet but without the unusual additions. Since these 
experiments and observations w’ere continued without inter¬ 
ruption from shortly after the birth of the animals until the occur-^ 
rence of death from natural causes, they offer the opportunity of 
instituting a highly important comparison, which has not hereto¬ 
fore been attempted; namely, the comparison at stated brief 
intervals of the growth in weight of animals which survive to an- 
age in excess of the average duration of life with that of animals 
in which death antedates the average duration of life. Since- 
individual records of the weights of ail the animals were kept 
throughout, and deaths from essentially accidental causes, such 
as epidemic infections, were reduced by our technique to a mini¬ 
mum- this comparison could be made by simply sorting the ani¬ 
mals of each experimental group into two subgroups, the one, 

* The expenses of this research were in part defrayed by a grant from 
the Special Medical Research Fund of the Uniyersity of Toronto. 

^Robertson, T. B., and Ray, L. A., J. Biol. Chcm., 1916, xxiv, 347; 
1919, xxxvii, 377, 393, 427, 455. Robertson, T. B,, J. BioL Cliem., 1916, 
xxiv, 363, 385, 397; xxv, 635, 647. 

2 Robertson, T. B., ^nd Ray, L. A., J. Biol. Chem., 1916, xxiv, 347; 
1919, xxxvii, 443. 
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tlie short liTed group, of animals d^^'ing of causes other than 
accidental iiijmy or epidemic infection before the average dura¬ 
tion of life for the group under consideration, and the other, the 
long lived group, of animals dying subsequently to the average 
duration of life. The weights of each of the subgroups are aver¬ 
aged week by week until 7 months of age and fortnightly there¬ 
after. The results of this comparison are enumerated in Tables 
I to XId 

An inspection of these tables reveals the following facts: 

1. Ill nine out of the eleven different experimental groups the 
long lived animals display evidence of superior growth velocity 
to the short lived animals at some time prior to the 30tli week of 
age. Exceptions are afforded by the normal males and the 
lecithin-fed males. 

2. At later ages there is a decided tendency for the curve of 
growth of the short lived annuals to approach or cut across the 
curve which represents the growth of the long lived animals. 
This is due to the tendency of the short lived group to acquire a 
late accretion of tissue. This gain is, however, unstable and 
usually of comparatively brief duration, the curve dropping to 
the level of the long lived group or below, it as the termination of 
life is approached. 

3. In eight out of the eleven different experimental groups the 
long lived animals are less variable than the short lived animals. 
Exceptions are afforded by the normal females and both groups 
of tetheliii-fed females. 

4. Difference between the two groups is, however, most mark¬ 
edly displayed in their mode of reaction to external disturbing 
factors. Ail growth curves reveal minor fluctuations, accom¬ 
panied by transient increases in variability, which are presmnably 
attributable to unidentifiable fluctuations of the envii’onment. 
The short lived animals are, however, much less stable than the 
long lived; thek average weight is subject to more numerous 
and violent fluctuations and their variabiKty increases abnor¬ 
mally towards the latter part of the curve. A disturbance of the 
environment may be reflected b^- the long lived group in enhanced 

For details as to dosages of the dietary additions, number of animals 
employed, experimental procedure, etc. consult the previous articles of 
this senes. 
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variability without concurrent alteration of weighty wliile the 
short lived animals simultaneously display relatively rapid gains 
or somewhat slower losses."^ 

Summarizing these results we may state therefore that as 
a general rule, when long and short lived animals which have 
been subjected to the same experimental treatment are com¬ 
pared, the long lived animals form a group which in early life 
grow more rapidly and at the same time are less variable than the 
short lived animals. In later life the short lived animals often 
grow much more rapidly than the long lived animals, but this 
accretion of tissue is relatively unstable. 

So far we have restricted our comparison to the long and short 
lived animals respectively of the same experimental group. 
When we extend the comparison further and compare the long 
lived animals of one experimental group with those of another 
we find that there is no characteristic type to which the growth 
curve of long lived or short lived animals tends to conform. A 
glance at Figs. 1 and 2, in which all the various growth curves 
for males and females respectively are plotted to the same scale, 
shows that there is no tendency for the curves of the long lived 
animals to lie together or to be appreciably separated from the 
group of curves representing the growth of the short lived ani¬ 
mals. On the contrary the curves are interwoven with one 
another. There is in fact much more tendency for a given curve 
to resemble its dietary similar than its longevity similar. Thus 
in both diagrams the curves for the long lived and short lived 
pituitary-fed animals tend to accompany one another, both as 
to form and position, and the same is true for the lecithin and 
tethelin curves. In other words the various dietaries emplo3^ed 
in these experiments had a much more decided effect upon the 
time relations of growth than they had upon the longe^dty of the 
animals to which they were administered. This confirms the 
conclusion formulated in a previous article;^' namely, that the 
substances administered, with the exception of tethelin, had no 
decided effect upon the life duration of the animals. 

^ This is true long before the numbers of the short lived animals have 
been decreased by deaths. 

^ Robertson, T. B., and Ray, L. A., J. Biol. Chern., 1919, xxxvii, 427. 
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■ A correlation may nevertheless be traced between the time 
relations of growth and the longevity of the animals which dis» 
phy them. It is masked, but not concealed, by regulatory in- 
temal factors viiieii tend to maintain the normal standard of 
longevity. Thus we have seen that in almost every group the 
long lived animals grow initially, or at an earty stage, more 
rapidly than the short lived animals and that in comparatively 
late life the short lived animals displa}" an unstable increase in 
weight. This late accretion of tissue would appear to be excep¬ 
tionally unfavorable to longevity. Thus the longest lived ani¬ 
mals in the series, those fed upon tetiielin throughout the period 
of their lives (Table Y) or intermittently (Table YI), do not 
display it at all, the curve of growth from the 40th to the 100th 
week being almost a straight line, and the average weight during 
this peiiod increases very slightly.^ The opposite extreme is 
afforded by those animals which have received tetiielin for only 
a brief period antedating sexual maturity (4tli to 12th weeks). 
As we have previously pointed out/ these animals display an 
extraordinary degree of late overgrowth, to wdiich the curves 
marked TB in Fig. 2 bear striking witness.^ These animals not 
displayed no increased duration of life but w^ere actually 
less viable than normal females, the short lived group especially 
being the least viable of all the experimental groups. 

Increased viability is accompanied by a tendency for the 
short lived group to approach the long lived group in life dura¬ 
tion, and conversely a brief average duration of life is accom¬ 
panied by an enhanced difference bet-sveen the viability of the 
two groups. This is showm b}’' Table XII in wdiich the different 
experimental groups are arranged in the descending order of their 
mean duration of life. 

It is ewdent that the dispersion of deaths, as measured by 
the ratio of the difference between the life durations of the long 
and short lived animals to the mean life duration of the group, 
is least in the longest lived groups and progressively increases as 
the viability decreases. The increased scattering of deaths with 

^ Robertson, T. B., and Ray, L. A., J. Biol. Chem.j 1919, xxxvii, 393. 

^ Robertson, T. B., and Ray, L. A., J. Biol Chem., 1919, xxxvii, 455. 

^ No measiiremeiits of the weights of these animals were made between 
the 30th and the 70tii weeks. 
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decrease of viability is clue to the fact that while the viability of 
the long lived groups is affected it is not so greatly affected by 
external or dietary cii’cumstances as the viability of the short 
lived group. Thus in passing downwards among the males from 
an average life duration of 866 days to one of onty 731 days, the 
life duration of the long lived group diminishes by 36 clays, while 
that of the short lived group diminishes by 199 days. The same 
tendency is exhibited by the females (compare the tetlieliii con¬ 
tinuous administration group with the tetheliii brief administra¬ 
tion) but not so conspicuously. 

DisGiissio7i and Interpretation of the Results, 

In attempting the comparison of the growth of more viable as 
contrasted with that of less viable animals we are constrained to 
adopt some standard of viability which must of necessity be 
more or less arbitrary. The standard herein adopted is the aver¬ 
age duration of life of an}^ given experimental group and animals 
are grouped as long or short lived in comparison with this stand¬ 
ard. It is the only practicable standard, and yet it is far from 
satisfactory, for a certain proportion of the short lived animals, 
that is, of the animals dying before the average life duration 
of the group, must necessarily die of causes which are essentially 
accidental although not clearly recognizable as such. Thus an 
animal which might otherwise have lived to the most advanced 
age afforded by the species develops a sarcoma or an infection and 
dies prematurely. We cannot definitely assert that in these 
cases, as in carcinoma, the lesion is consequent upon age or neces¬ 
sarily correlated with age. We can safely aver that senescence 
of the tissues must laj^ them open to disease, but we cannot con¬ 
versely assert that disease proves senescence. But if these ani¬ 
mals, dying of causes unconnected with the age of their tissues, 
were recognizable and excluded from the comparison, the average 
duration of life would thereby be advanced to a point which we 
have no means of ascertaining, and the more viable group would 
be correspondingly restricted in numbers. 

If the true average duration of life of any group of animals, in 
so far as this is decided by tissue age alone, ivere ascertainable, 
therefore, the proportion of animals herein regarded as most 
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viable would be reduced by exclusion of less viable individuals^ 
while certain individuals would be excluded altogether from the 
less viable group or even included^ despite their early deaths 
among the members of the more viable group. All that the 
foregoing data can be expected to reveal, therefore, is a more or 
less pronounced tendency of the two groups to differ, a tendency 
which must be masked to a certain extent by the imperfect means 
of distinction employed. 

This tendency is very plainly evinced and, as we have seen, 
it consists in initial relative supernormality of growth of the long 
liv-ed group, accompanied by a subnormality of variability. The 
only exception to both these rules is afforded by the group of 

normal males.^’ The origin of this single exception among 
eleven different experimental groups may not improbably lie in 
the elements of uncertainty we have enumerated. 

The association of superior growth with inferior variability is 
very remarkable, because it is precisely the opposite of what we 
find in comparisons of groups differentiated by any other criterion 
than that of longevity.® If different experimental groups or ages 
of animals or of man are compared, it is always found that the 
most rapidly growing and, age for age, the largest animals, are 
also the most variable. 

The converse association, namel 3 ^ that of retarded growth 
with high variabilitv’^, is characteristic of the effects of a highly 
unfavorable enviromnent.^® We may therefore infer that the 
long lived animals, displacing as they do the rev^erse tendency, 
are unusually immune to deleterious factors in their environment. 
Thec" are a relative^ stable group. Internal regulatory pro¬ 
cesses tend prompt^ and accurately to restore disturbed equilibria, 
and, as we hav^e seen, this relative stability is also evidenced by 
the comparatwe rarit}^ of irregular fluctuations of weight. 

The relative internal stabilitc^ of the long lived groups of animals 
is especiallc^ displayed by the events which occur at the period 
of hfe which corresponds with the average duration of life of 
the short lived groups. Factors which are at present unknown 

® Eobertson, T. B., J, Biol, Chem., 1916, xxiv, 363; Jim. J. Physiol.^ 1916, 
xli, 535. Thompson, DA. W., On growth and form, New York, 1917. 

Eobertson, T. B., /. Biol. Chem.j 1916, xxv, 635, 647; Am. J. Physiol.^ 
1916, xli, 547. 
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disturb at tliis point the stability of the animals, and this clis“ 
tiirbance is reflected in increased variability of both the long 
lived and the short lived groups. But in the long lived groups 
this is accompanied by little or no disturbance of weight, while 
in the short lived group it results in loss, or in sharp gain followed 
by loss of weight. 

The long lived animals therefore represent a relatively stable 
group, highly resistant to external disturbing factors, displapng 
subnormal variability and a more or less marked, but not invari¬ 
able, tendency to early overgrowth and relative paucity of tissue 
accretion in late life. 

The short lived animals, on the contrary, are relatively unstable, 
sensitive to external disturbing factors, supernormally variable, 
and as a rule, but not invariably, display relatively deficient early 
growth and a tendency to rapid accretion of tissue in late life. 

Before endeavoring to interpret these results we must revert 
to a peculiarity which distinguishes the action of agents known 
to affect the rate of growth of tissues and the longevity of animals 
to which they are administered. It has been shown in a number 
of previous communications that cholesterol^ and tethelin^^ 
accelerate the growth and reproduction of unicellular organisms 
{Parameda) and of epithelial tissues, especially carcinoma. 
Tethelin also accelerates the recovery of weight lost during 
inanition. Yet these agents which accelerate the deveiop- 
ment or multiplication of the tissue elements which wo have 
enumerated nevertheless retard the growth in -weight of animals 
to which they are administered by mouthd^ We can only infer 
that there must be, in the totality of tissues "which constitute the 
higher Metazoa, certain tissues, and those the relatively more 
bulky, which are retarded in their development, directly or 
indirectly, by these agents. 

On considering the nature of the tissues which are positively 
known to be accelerated in their development by cholesterol 

Robertson, T. B., and Burnett, T. C., J. Exp. Med., 1913, xvii, 344. 
Browder, A., U7iiv, of California Pub. Physiol,, 1915, v, 1. Sweet, J. E., 
•Corsonwifliite, E. P,, and Saxon, G. X, J. Biol. Ckem., 1915, xxi, 309. 

Robertson, T. B., J. Ayn. Med. Assn., 1916, Ixvi, 1009. Robertson, 
T. B., and Burnett, T. C., J. Exp. Med., 1915, xxi, 280; 1916, xxiii, 631. 

13 Robertson, T. B., J. Biol. Chem., 1916, xxiv, 397; 1919, xxxvii, 393. 
Robertson, T. B., and Delprat, M., J. Biol. Chem., 1917, xxxi, 567. 
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and by tethelin the first point of resemblance which presents 
itself lies in the fact that they are all preeminently cellular or 
pareiich 3 "matous tissues or tissue elements. Xow there exists 
in the hodj of all the higher J\Ietazoa a considerable mass of 
tissuCj usualh' the relative^' more bulk}^ which is not primarily 
cellular or parencii^miatous in character, but consists of fibrils 
or other specialized elements having, on the wiiole, a primarily 
structural rather than a primarih" vital significance to the animal. 
Tlie\' are produced from cell elements and ultimately derive from 
them the materials for their nutrition, maintenance, and repair; 

are dependent tissues and mo-j to a large extent be regarded 
as ultimate^" parasitic upon the parenclwmatous elements.^*^ 

These priiiiaril}’ structural or sclerous elements of the body 
are constituted for the most part of substances which are char¬ 
acteristic of the particular type of tissue which contains them, 
substances which contribute to its peculiar plwsical properties, 
its rigidit}’', elasticitj^, tensile strength, or other essential quality. 
This is especiallj" true of the protein constituents of these tissues 
and it is precisely from tissues of this character that we obtain 
aberrant or “incomplete’’ proteins, deficient in this or that 
amino-acid and characterized by their abnormal content of this 
or that other amino-acid. To produce such protein of abnormal 
composition requires the destruction and resorting of the com¬ 
ponents of several or perhaps man^^ molecules of the more 
“typical” proteins which occur in parenchjmiatous tissue. The 
connective tissues are therefore relativelj^ expensive to support 
and dependent as they are, directly" or indirectty, upon parenchy¬ 
matous tissues for their maintenance thej^ must cast collectively 
a }ieav\" load upon the metabolism and maintenance of the most 
vital tissues in the body. 

In sj’-stem of parallel chemical reactions which consume 
the same substrate and are proceeding simultaneous^ in a mix¬ 
ture, the extent to which each reaction w’iU occur is propor¬ 
tionate to its velocitj^^^ The most rapid reaction will predomi¬ 
nate over the rest and appropriate the greater share of the sub- 

Adami, J. G., Principles of pathology, Philadelphia and New York, 
1908, i, 125. 

Mellor, J. W., Chemical statics and djmamics, London, New York, and 
Bombay, 1904, 70. 



T, B. Robertson and L. A. Ray 


81 


strate. In the tissues of the Metazoa, the substrates are the 
foodstuffs which are present in the ckculating fluids which bathe 
the tissue elements and the reactions of sjuithesis which underlie 
growth, repair, and maintenance share among them in a definite 
proportion the various nutritive materials which are available. 
If, therefore, any circumstance, such as the introduction of a 
catalyzer, specificall}^ accelerates the sjmtheses occiining in one 
type of tissue to the exclusion of others, this tj^pe of tissue will 
acquire an advantage in the appropriation of nutriment and the 
other tissues will in like proportion be retarded in their develop¬ 
ment, maintenance, or repair. 

We have seen that the cellular tissues are definitely accelerated 
in their growth and repair by cholesterol and tethelin, w’Mle the 
growth of animals as a w’hole is retarded by these agents. It 
seems necessary to infer that certain tissues other than the dis¬ 
tinctively cellular elements are retarded in their development 
by cholesterol and tethelin. The only considerable group to 
which we can attribute this retardation of growth in weight is 
the group of sclerous or dependent tissues. 

An increase in connective tissue elements is commented upon 
by all observers^® as the most distinctive characteristic of old 
age, and when we reflect that these tissues are ultimately depen¬ 
dent upon parenchyma for their support and that they are 
exceptionally expensive to maintain we can readily comprehend 
how an ever increasing accumulation of tissues of this character 
may place an excessive and finally unbearable load upon the 
metabolism of the cellular tissues. On the other hand a very 
high proportion of cellular elements is characteristic of embryonic 
tissue. 

If this view is correct, then the problem of the prolongation of 
life is essentially that of deferring the accretion of connective 
tissues which occurs in the later life of all the higher Metazoa. 
If we have correctly interpreted the influence of tethelin upon 
the growth of animals as consisting in acceleration of the anabolism 
of the cellular elements to the detriment of the connective tissue 
elements, then the decided prolongation of life which adminis- 

Saundby, R., Old age; its care and treatment in health and disease, 
London, 1913, Chapter 2. Metchnikoff, E., The nature of man, New York 
and London, 1913; The prolongation of life, New^ York and London, 1910# 
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tration of this agent brings about^ is readily comprehended. 
Giioiesterol, which in like manner but in greater dosage accelerates 
the growth of cellular tissues, does not bring about a like pro¬ 
longation of life, but for this there is a sufficient reason; namely, 
that deposits of this insoluble material are formed in various 
organs, to their detriment, when it is administered in excessd^ 

If, however, the stimulus supplied hj tethelin to the anabolism 
of cellular elements is removed, at any rate if it is removed before 
sexual maturity is attained, the normal proportionality between 
cellular and sclerous elements tends rapidly to be restored; the 
overgro\\i:li which has actuallj^ occurred but has been masked 
by the retarded development of sclerous tissues is now rendered 
manifest, and gigantic animals may be produced. In illustra¬ 
tion Fig, 3 shows a normal female of average normal -weight at 
500 da}’'S in comparison -v^itli a female of the average w^eight of 
twenty-four animals which had received 4 mg. of tethelin daily 
from the 4th until the 12th week after birth, the administration 
being thereafter discontinued. These animals exhibited an 
abbreviated rather than a prolonged duration of life. 

Reverting to the experimental data presented in this paper 
it will be seen that while the long lived animals in any experi¬ 
mental group iisiialh' exhibited initial overgro-wth in comparison 
with the short lived animals they displaj^ed much less tendency 
to form late accretions of tissue. Bearing in mind the fact that 
the late growth of animals consists predominantly in connective 
tissue formation, these facts would appear to harmonize -with 
the view that the potential longevity of any given individual 
is determined by the relative velocities of anabolism in the cellular 
and sclerous tissues. A high rate of celluiar anabolism, wffiile 
encouraging the growth of distinctively cellular tissues, defers 
the connective tissue accretion which is characteristic of senes¬ 
cence. A low rate of cellular anabolism renders available a 
higher proportion of nutrients for the distinctively structural 
tissues and necessitates premature senescence. 

Since longevity is determined, not the absolute mass of 
tissue, but by the relative proportion of parenchjmiatous to 

Ghalatow, S. S., Virchows Arch. path. Anai.^ 1912, ccvii, 452; Beitr. 
path. Anat. %i. Path., 1914, Ivii, 85. Anitschkow, N., Beitr. path, Anai. 
u. Path., 1913, ivi, 379; 1914, ivii, 201. Weltmann, O,, and Biach, P., 
Z. exp. Path. ti. Tksrap., 1913, xiv, 367. 
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sclerous tissues, there is no single magnitude or contour of growth 
curve Aviiicli is characteristic of long lived animals, and for the 
same reason the longevity of different species of animals bears no 
relation to their mass or bulk. On the other hand the longevity 
of different species has been shown to stand in definire relation to 
the proportionalit}' between different types of tissue; e.g., of liraiii 
weight to total body weight. 



Fig. 3. Photograph of two female mice, each 500 days old. The smaller 
animal (25 gni.) is the average weight of a normal female of this age. The 
larger (31 gra.) has received a brief preadolesceiit administration of tetlielin 
(Stli to 12th weeks) which was thereafter discontinued. It.s weight is the 
averag(‘ weight of twenty-four animals similarly treated. The discon¬ 
tinuation of the tetlielin before sexual maturity has permitted the actual 
supernormality of growth induced b\^ this agent to express itself by the 
reestablishment of the normal proportion of sclerous to parenchymatous 
tissues which the continuous administration of tetlielin prevents. 

SUyiMARY. 

1. In an^^ given group of animals those which live longest 
represent a relatively stable subgroup, highly resistant to external 
disturbing factors, displaying subnormal variability and a more 
or less marked, but not invariable, tendency to early overgrowth 
and relative paucity of tissue accretion in late life. 


Fricdenthal, H., Centr. Phi/>v'oL, 1910-11, xxiv, 321. 
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2„ The short lived animals, on the contrary, are relatively 
unstable, sensitive to external distiirbinp: factors, supcriiomially 
variable and as a rule but not invariably, display relatively 
deficient early growth and a tendency to rapid but unstable 
accretions of tissue in late life, 

3, The hypothesis is presented that the potential longevity 
01 any given individual is determined by the relative velocities 
of anabolism in the cellular and sclerous tissues respectively. 

4, In terms of this hypothesis it is suggested that the pro¬ 
longation of life which is lumight aimiit b,v continuous adminis¬ 
tration of tethelin to mice is attributable to an increased velocity 
of anabolism of distinctively cellular elements to the relative 
disadvantage, in the competition for nutrients, of the connective 
tissue elements. 

5, If the adniinistratlon of tethelin is discontinued prior to 
sexual maturity the normal proportion of cellular to connective 
tissues is rapidly restored and exceptionally large animals of 
normal or al>l:)reviated duration of life are the result. 
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TABLE I. 


Normal Males. 

(Average duration of life 767 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

! 

Variability of long j 
lived animals. | 

Variabiiity of all 
animals combined. 

wks. 

gm. 

gm.. 

per cent 

per cent 

4 

10.50 

12.38 


24.4 

5 

11.05 

12.45 

20.1 

24.6 

6 

15.39 

15.58 

22.7 

22.0 

7 

17.25 

18.57 

17.6 

16.9 

8 

18.28 

20.02 

14.9 

15.9 

9 

19.38 

21.40 

18.4 

16.5 

10 

20.03 

21.90 

17.6 

16.7 

11 

20.75 

22.46 

UA 

13.3 

12 

21.84 

23.15 

14.0 

13.7 

13 

22.34 

24.05 

15.8 

14.2 

14 

22.81 

24.88 

14.6 

14.1 

15 

23.34 

25.03 

12.8 

11.9 

16 

23.78 

25.53 

13.2 

12.7 

17 

24.00 

26.18 

13.2 

12.4 

IS 

24.84 

26.23 

13.8 

12.1 

19 

24.69 

26.76 

13.0 

12.1 

20 

25.28 

26.79 

12.4 

10.8 

21 

25.50 

26.95 

12.2 

11.2 

22 

25.31 

26.68 

10.6 

9.0 

23 

25.47 

27.03 

11.6 

9.8 

24 : 

26.09 

27.47 

11.6 

10.1 

25 

26.03 

i 27.89 

12.1 

11.0 

26 

26.06 

27.76 

! 10.7 

10.8 

27 

25.33 

27.62 

12.6 

11.3 

28 

26.27 

28.06 

11.0 

10.9 

29 

25.90 

28.19 

10.3 

10.9 

30 

26.50 

27.91 

9.8 

9.5 

32 

26.97 

28.25 

9.8 

9.6 

34 

27.00 

28-47 

9.9 

10.5 

36 

27.31 

28.68 

10.2 

10.1 

38 

27.41 

29.11 

10.3 

10.5 

40 

27.28 

29.39 

9.6 

10.4 

42 

27.34 

29.36 

10.7 

11.2 

44 

27.50 

29.89 

12.0 

12.0 

46 

27.75 

29.46 

11.7 

11.7 

48 

27.44 

29.11 

10.5 

10.8 

50 

27.97 

29.93 

11.3 

11.1 

52 

27.66 

29.86 

10.1 

10.7 

54 

27.47 

30.04 

11.6 

12.0 
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TABLE I—Concluded. 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of ail 
animals combined. 

lO&S. 

gm. 

am. 

per cent 

per cent 

m 

28.28 

30.50 

11.8 

12.0 

58 

28.34 

29.96 

11.3 

10.9 

60 

28.13 

30.18 

11.4 

11.8 

62 

28.47 

30.50 

10.8 

11.6 

64 

28.53 

30.68 

10.2 

11.4 

66 

28.56 

31.00 

10.2 

11.4 

68 

28.72 

31.04 

10.0 

11.1 

70 

28.81 

30.71 

9.9 

10.9 

72 

28.59 

31.00 

11.0 

12.2 

74 

28.84 

30.92 

9.8 

10.9 

76 

29.28 , 

30.85 

9.4 

10.0 

78 

29.13 

31.42 

9.5 

11.5 

SO 

29.25 

30.81 

10.4 

11.1 

82 

29.59 

31.45 

9.7 

11.3 

84 

29.28 

30.85 

10.7 

12.3 

86 

29.44 

31.28 

10.4 

13.0 

88 

29.19 

32.19 

11.1 

13.0 

90 

29.25 

31.88 

10.8 

11.3 

92 

29.28 

32.81 

9.0 

12.0 

94 

29.28 

31.81 

9.6 

11.1 

96 

29.25 

30.64 

9.6 

10.1 

98 

29.00 

30.33 

9.6 

10.0 

100 

28.91 

31.60 

8.6 

9,6 

102 

28.75 

32.38 

10.3 

10.7 

104 

29.19 

31.83 

9.7 

10.4 


Summiary of Table I .—The long lived animals form a group which are 
initially lighter than the short lived animals and do not grow more rapidly 
so that the relative subnormality is maintained throughout life. The^' are 
less variable than the short lived animals initially and after the SOtli week, 
but between the 9th and SOth weeks they are more variable than the short 
lived group. 
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TABLE II. 


Normal Females, 

(Average duration of life 719 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
ammals combined. 


gm. 

gm. 

per cent 

per cent 

4 

11.21 

10.39 

23.9 

23.4 

5 

13.64 

11.81 

21.2 

19.4 

6 

15.50 

14.12 

17.7 

18.9 

7 

17.17 

16.39 

15.8 

15.0 

8 

18.14 

17.83 

14.4 

13.9 

9 

18.64 

18.92 

14.3 

13.4 

10 

19.31 

19.44 

15.0 

14.3 

11 

20.03 

20.05 

13.4 

12.6 

12 

20.31 

20.31 

13.6 

12.6 

13' 

20.89 

21.19 

13.8 

13.0 

14 

21.28 

21.14 

15.0 

13.2 

15 

21.78 

21.78 

14.2 

13.7 

16 

■ 22.00 

22.28 

13.2 

12.6 

17 

22.28 

22.31 

13.2 

11.9 

18 

22.47 

21.97 

13.2 

11.9 

19 

22.67 

22.53 

12.9 

12.0 

20 

22,50 

22.70 

12.8 

11.2 

21 

23,19 

22.92 

13.6 

12.3 

22 

23.28 

23.36 

14.2 

12.5 

23 

23.59 

23.44 

14.1 

12.0 

24 

23.67 

.23.69 

13.0 

11.3 

25 

23.82 

23.75 

13.0 

11.4 

26 

24.08 

24.00 

12.0 

11.6 

27 

23.68 

24.31 

13.8 

11.8 

28 

23.64 

23.53 

11.9 

10.3 

29 

24.00 

23.69 

13.4 

12,2 

30 

23.92 

23.92 

14.0 

12.4 

32 

24.25 

24,11 

13.6 

11.5 

34 

24.19 

24.17 

13.8 

12.2 

36 

24.75 

24.56 

13.0 

11.2 

38 

25.17 

24.41 

14,1 

12.3 

40 

25.50 

24.53 

14.1 

11.9 

42 

25.58 

24.53 

15.6 

13.1 

44 

26.06 

24,91 

17.7 

15.3 

46 

26.31 

24.93 

16.6 

14.6 

48 

26.08 

24.64 

16,4 

14.6 

50 

26.03 

24.82 

15.8 

14.0 

52 

26.22 

25.00 

16.9 

15.3 

54 

26.47 

24.64 

17.4 

15.8 
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TABLE II— Concluded, 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Varial>ility of ail 
animals combined. 

ivies. 

gm. 

gm. 

'per cent 

•per cent 

56 

26.67 

24.91 

17.8 

16.5 

58 

26.94 

25.14 

17.9 

16.7 

60 

27.00 

24.68 

18.6 

17.S 

62 

27.28 

24.95 

19.2 

17.7 

64 

27.58 

25.09 

18.S 

17.S 

6G 

27.50 

24.55 

19.8 

19.2 

0S 

27.58 

24.70 

18.5 

IS.3 

70 

27.22 

23.94 

18.9 

IS.7 

72 

27.36 

24.75 

1 18.4 

17.7 

74 

27.42 

25.07 

17.8 

.16.9 

76 

27.83 

25.71 

18.7 

17.7 

78 

27.80 

25.70 

17.6 

17.0 

SO 

27.92 

26.38 

18.4 

17.4 

82 

27.69 

26.00 

17.9 

17.0 

84 

27,89 

27.13 

17.2 

16.4 

86 

28.00 

27.38 

IS.9 

17.6 

88 

27.92 

27.13 

19.8 

18,7 

90 

27.97 

27.13 

19.2 

16.8 

92 

28.08 

27.33 

19.3 

IS.4 

94 

27.81 

25.00 

18.5 

18.0 

96 

.28.31 

25.50 

18.4 

17.8 

98 

28.22 

22.00 

20.6 

20.9 

100 

27.86 

19.50 

21.4 

22.2 


Summary of Table II .—The long lived animals are initially heavier than 
the short lived animals. From the 9th till the 36th weeks the weights of 
the two groups are approximately equal. Thereafter the h)ng lived animals 
grow more rapidly than the short lived animals so that by the 70th week 
they exceed the short lived animals by over 3 gm. The variability of the 
long lived group slightly exceeds that of the short lived group until the 
66th week, after -which the variabilities arc approximately equal. Death 
ill the short lived group is preceded (70th week onward) by a sharp rise 
of weight. 
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TABLE III. 


Pituitary-Fed MaleB. 

(Average duration of life 792 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks. 

om. 

ffm. 

per cent 

per cent 

4 

12.13 

13.21 

13.7 

22.7 

5 

12.72 

13.45 

19.0 

24.1 

6 

15.59 

16.08 

18.8 

22.1 

7 

17.28 

17.45 

15.8 

17.7 

8 

18.72 

18.50 

17.4 

17.3 

9 

19.22 

19.80 

15.4 

14.8 

10 

20.03 

20.03 

15.2 

15.4 

11 

20.66 

19.53 

15.3 

14.9 

12 

21.84 

21.75 

9.4 

11.4 

13 

22.06 

22.60 

8.4 

10.7 

14 

22.91 

23.08 

8.0 

10.0 

15 

22.88 

23.20 

7.4 

9.8 

16 I 

23.66 

23.68 

7.6 

9.3 

17 

24.10 

24.12 

8.2 

9.9 

IS 

24.25 

24.10 

8.1 

9.7 

19 

24.44 

24.68 

9.0 

10.2 

20 

24.44 

24.78 

8.5 

9.8 

21 

25.06 

24.93 

8.4 

9.6 

22 

25.47 

25.25 

9.8 

11.5 

23 

25.91 

25.80 

7.7 

8.7 

24 

25.97 

26.38 

7.7 

10.5 

25 

25.81 

26.00 

9.1 

9.8 

26 

25.72 

26.43 

7.6 

9.2 

27 

26.00 

26.20 

7.9 

8.8 

28 

26.17 

26.39 

7.3 

8.7 

29 

26.06 

26.37 

S.l 

8.8 

30 

26.21 

26.68 

9.2 

8.4 

32 

26.38 

26.93 

8.3 

9.0 

34 

26.81 

27.83 

8.7 

9.7 

36 

20.78 

27.88 

7.6 1 

9.3 

38 

27.00 

28.72 

8.4 

9.3 

40 

27.34 

28.72 

7.7 1 

9.2 

42 

27.47 

28.67 

8.6 i 

10.6 

44 

27.53 

29.17 

8.1 

10.0 

46 

27.53 

29.00 

8.3 

10.1 

48 

27.13 

29.11 

8.7 

11.1 

50 

27.53 

29.54 

8.8 

11.2 

52 ' 

27.66 

29.64 

8.1 

11.2 

54 

28.09 

1 

29.86 

9.6 

11.4 
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TABLE III — Concluded, 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of ail 
animals combined. 

wks. 

gni. 

gni. 

per cent 

per cent 

56 

28.06 

29.86 

8.4 

11.1 

58 

28.50 

30.32 

8.7 

11.0 

60 

28.44 

30.54 

8.4 

11.0 

62 

28.19 

30.18 

7.8 

10.6 

64 

28.19 

30.57 

7.8 

11.3 

•66 

28.75 

31.00 

7.6 

11.4 

, 68 

28.88 

30.50 

8.0 

11.4 

70 

28.41 

30.46 

8.0 

11.9 

72 

28.28 

1 30.96 

8.3 

11.0 

74 

28.72 

30.88 

9.0 

11,5 

76 

28.25 

30.50 

i 8.0 

11.2 

78 

28.63 

30.55 

9.4 

10.2 

80 

28.22 

30.18 

7.7 

9.8 

82 

28.22 

30.23 

7.6 

10.1 

84 

28.78 

30.14 

8.0 

10.2 

•86 

28.00 

29.15 

7.5 

8.2 

'88 

28.50 i 

29.39 

8.1 

9.0 

90 

28. SI 

29.06 

8.3 

8.6 

92 

28.03 

28.06 

7.3 

6.5 

94 

28.44 

28.44 

7.8 

7.9 

96 

28.38 

28.13 

8.0 

7.8 

98 

. 28.06 

28.43 

8.4 

8.4 

100 

27.94 

28.93 

7.5 

8.1 

102 

28.38 

28.10 

7.5 

9.2 

104 

27.78 

28.30 

’ 7.5 

7.5 

106 

27.97 

28.10 

6.6 

8.1 

108 

27.97 

27.75 

6.8 

6.7 

110 j 

28.00 

26.50 

7.1 

7.6 

112 

28.04 


8.2 

6.3 


Summary of Table III .—The long lived animals are initially lighter than 
the short lived animals, but rapidly gain on them, so that by the 10th week 
the two groups are equal in weight. The long lived never surpass the short 
lived animals, however, and by the 24th week begin to drop behind and 
by the 40th week and thereafter are markedly lighter than the short lived 
group. The long lived animals are consistently much less variable than 
the short lived animals. 
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TABLE IV. 


Pituitary-Fed Females, 
(Average duration of life 704 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animais combined. 

wks. 

gm. 

gm. 

per cent 

per cent 

4 

9.84 

9.04 

18.5 

20.5 

5 

12.28 

11.07 

16.8 

19.6 

6 

14,35 

13.27 

13.3 

' 16.1 

7 

15.40 

13.73 

13.8 

15.8 

8 

16.79 

15.47 

12.4 

15.1 

9 

17.64 

16.63 

11.0 

13.1 

10 

18.40 

17.27 

11.0 

12.1 

11 

18.52 

17.83 

8.7 . 

10.5 

12 

19.19 

18.43 

7.7 

9.3 

13 

19.57 

18.70 

7.8 

10.3 

14 

19.95 

19.03 

7.3 

9.4 

15 

19.93 

19.43 

9.4 

10.4 

16 

20.17 

19.53 

7.7 

9.3 

17 

20.83 

1 20.00 

7.6 

9.6 

18 

21.07 

20.23 1 

7.7 , 

9.7 

19 

21.45 

20.77 

7.9 

9.7 

20 ! 

21.52 

20.77 

7.5 

9.1 

21 

21.58 

21.03 

8.6 

9.6 

22 

21.90 

21.33 

8.7 

10.2 

23 

21.85 

21.43 

8.0 

9.9 

24 

22.40 

21.60 

8.6 

10.2 

25 

22.30 

21.70 

8.3 

10.4 

26 

22.43 

21.63 

9.1 

10.5 

27 

22.58 

21.90 

8.8 

10.3 

28 

22,98 

21.93 

8.0 

10.0 

29 

22.75 

21.90 

8.4 

10.3 

30 

23.05 

22.71 

8.3 

9.6 

32 

23.50 

22.47 

8.8 

10.8 

34 

23.81 

22.87 

9.1 

10.8 

36 

24.14 

22.90 

9.7 

10.9 

38 

24.29 

23.63 

11.2 

12.2 

40 

24.74 

23.86 

11.4 

11.8 

42 

24.88 

23.83 

11.6 

12.4 

44 

25.12 

23.81 

11.8 

13.1 

' 46 

25.19 

23.85 

11.0 

13.2 

48 

25,26 

23.88 

12.3 

13.7 

50 

25.81 

24.69 

12.6 

13.3 

52 

26.40 

24.57 

15,2 

15.4 

54 

26.05 

25.42 

14.8 

15.2 
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TABLE IV— Concluded, 


Arc. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived aninuils. 

Variability of all 
animals cond.>ined. 

u'ks. 

g7n. 

gm. 

per cent 

per cent 

56 

26.60 

25.13 

14.9 

15.0 

58 

26.57 

25.71 

16.1 

15.9 

60 

26.90 

26.10 

13.2 

14.5 

62 

27.12 

25.80 

15.1 

16.0 

64 

26.81 

25.75 

14.8 

16.3 

66 

27.19 

‘ 26.61 

16.1 

16.8 

68 

27.33 

27.19 

16.4 

16.9 

70 

27.24 

26.01 

16.2 

17.0 

72 

27.02 

26.75 

15.6 

16.6 

74 

27.26 

26.56 

10.6 

16.8 

76 

27.17 

25.83 

16.1 

15.7 

78 

26.93 

26.00 

13.9 

13.9 

SO 

27.21 

25.58 

16.2 

16.2 

82 

27.48 

26.00 

18.0 

17.6 

84 

27.43 

25.60 

17.9 

17.6 

86 

27.33 

27.38 

IS.8 

17.6 

88 

27.26 

27.50 

15.2 

14.4 

90 

27.07 

25.50 

16.0 

15.6 

92 

26.48 

27.25 

12.0 

11.6 

94 

26.53 

26.50 

12.2 

11.S 

96 

26.53 

31.50 

14.2 

13.2 


Summary of Table IV ,—The long lived finiinals form a relatively inva¬ 
riable group, ill which preadolescent growth is unusually rapid. The l(3ad 
thus gained is maintained throughout life. The death of the short lived 
animals is preceded by a marked gain in weight accompanied by an in¬ 
crease in variability. The same increase in variability is noted at the 
same time in the long lived group, but the increase in weight is rehii.ively 
less, and less subject to fluctuation than in the short lived group. 
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TABL£3 V 


Tethelin-Fed Males; Continuous Administration, 
(Average duration of life 866 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks. 

am. 

gm. 

per cent 

per cent 

4 

13.36 

12.80 



5 

13.14 

12.94 

19.9 

21.8 

6 

14.46 

14.95 

19.2 

18.2 

7 

16.69 

16.36 

14.1 

14.6 

8 

18.62 

17.73 

9.0 

12.0 

9 

19.23 

18.68 

6.8 

10.2 

10 

19.92 

19.00 

6.8 

10.S 

11 

20.27 

i 19.50 

6.7 

10.9 

12 

21.08 

19.95 

7.6 

10.6 

13 

21.50 

20.14 

5.8 

10.5 

14 

21.62 

20.00 

7.5 

11.2 

15 

21.19 

21.23 

8.9 

i 9.1 

16 

22.19 

21.23 ’ 

7.3 

8.4 

17 

22.50 

22.82 

8.0 

8.0 

18 

23.12 

23.32 

6.9 

7.3 

19 

23.92 

23.64 

7.0 

7.2 

20 

24.65 

24.00 

5.4 

6.3 

21 

24.65 

24.36 

5.0 

6.2 

22 

25.00 

24.70 

6.4 

7.6 

23 

24.77 

24.40 

5.4 

6.4 

24 

25.27 

24.45 

7.2 

7.7 

25 

25.73 

24.80 

6.2 

6.7 

26 

25.69 

24.80 

6.8 

8.1 

27 

26.08 

24.95 

7.0 

8.0 

28 

25.85 

24.95 

6.7 

7.4 

29 

26.15 

24.95 

6.4 

7.9 

30 

26.00 

25.28 

6.8 

7.2 

32 

26.46 

25.40 

5.7 

7.1 

34 

26.69 

25.60 

6.9 

8.8 

36 

26.31 

25.65 

6.2 

6.9 

38 

26.27 

26.20 

6.7 

7.4 

40 

26.54 

26.30 

5.1 

5.4 

42 

26.65 

26.40 

5.8 

5.8 

44 

26.81 

26.10 

6.3 

6.9 

46 

27.04 

26.35 

7.1 

7.0 

48 

26.88 

26.65 

6.4 

6.9 

50 

26.85 

26.10 

7.7 

7.8 

52 

27.35 

26.50 

7.5 

7.2 

54 

27,81 

27.40 

6.3 

7.0 
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TABLE V— Concluded. 


Age. 

Average weight ■ 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of ail 
animals combined. 

whs. 

gm. 

gm. 

per cent 

per cent ' 

56 

28.04 

27.30 

7.8 

7.7 

58 

27.77 

26.75 

6.4 

6,7 

60 

27.23 

26.55 

7.4 

7.3 

62 

27.81 

27.00 

6.3 

7.0 

64 

27.73 

27.45 

7.0 

7.2 

66 

27.62 

26.70 

6.9 

7.9 

68 

28.31 

27.75 

6.5 

7.9 

70 

28.42 

27.70 

. 6.9 

7.8 

72 

28.42 

27.60 

7.3 

7.8 

74 

28.46 

27.30 

7.6 

8.4 

76 

28.88 

28.05 

6.4 

7.7 

78 

28.54 

27.70 

7.2 

8.2 

80 

28.96 

28.11 ! 

7.3 

9.2 

82 

28.81 

28.00 

5.3 

7.7 

84 

28.19 

28.00 

6.4 

7.9 

86 

28.62 

28.00 

7.2 

8.8 

88 

28.62 

27.56 

6.7 

8.4 

00 

29.04 

29.92 

6.8 

7.9 

92 

28.81 

28.84 

7.6 

8.4 

94 

28.58 

29.25 

6.9 

8.2 

96 

28.58 

29.60 

5.9 

8.7 

98 ^ 

28.62 

29.60 

9.3 

10.1 

100 

28.65 

29.10 1 

6.6 

8.2 

102 

28.50 

28.80 

6.1 

8.2 

104 

28.85 

29.40 

6.0 

8.5 

106 

28.69 

29.00 

7.9 

9.2 

108 

28.81 

29.00 

6.7 

7.9 

110 

28.58 

29.20 

6.8 

7.9 

112 

28.77 

28.70 

6.8 

7.8 

114 

28.85 

28.40 

7.0 

7.3 

116 

28.31 

26.50 

7.0 

6.7 


StwnwidTy of Table The long lived S/nimals forma relatively invari¬ 
able group in which preadolescent growth is unusually rapid. The lead 
thus established is maintained in diminishing degree throughout life. 
Death of the short lived group is preceded by a marked gain in weight, 
both absolutely and relatively to the long lived group. 
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TABLE VI. 

TeiJielin-Fed Females; Discontinuous Administration Uh to 8th ^ 21 si to 25ihs 
and 42nd to 46th Weehs. 


(Average duration of life 800 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks . 

gm . 

gm . 

per ceni 

. per cent 

4 

10,50 

11.60 

28.8 

27.6 

5 

13.13 

13.75 

22.6 

19.6 

6 

14.56 

15.31 

22.0 

19.4 

, 7 

15.88 

15.69 

17.9 

16.1 

8 

16.06 

16.31 

15.8 

12.6 

9 

16.56 

16.69 

15.2 

12.4 

10 

17.00 

17.06 

15.0 

13.2 

11 

17.56 

17.50 

18.1 

15.7 

12 

17.88 

17.44 . 

19.2 

16.6 

13 

18.94 

19.00 

16.3 

14.1 

14 

19.75 

19.69 

13.0 

11.9 

15 

20.56 

20.50 

13.4 

11.4 

16 

20.31 

20.06 

12.8 

11.2 

17 

21.00 

20.19 

12.4 

11.5 

18 

20.31 

20.31 

11.6 

10.7 

19 

20.63 

20.56 ' 

14.1 

11.9 

20 

20.88 ' 

20.31 

14.0 

12.1 

21 

21.31 

20.88 

11.9 

11.2 

22 

21.50 

20.75 

12.0 

11.1 

23 

21.88 

21.06 

13.6 

12.2 

24 

22.13 

21.44 

14.7 

12.7 

25 

22.38 

21.13 

13.6 i 

12.8 

26 

22.56 

21.44 

14.8 

13.5 

27 

22.50 

21.19 

14.4 

13.6 

28 

22.81 

21.63 

15.8 

14.2 

29 

22.57 

22.14 

16.0 

14.1 

30 

23.25 

21.50 

17.4 

15.4 

32 

23.63 

21.56 

16.9 

15.4 

34 

23.94 

22.19 

17.6 

15.7 

36 

24.06 

21.69 

16.4 

15.7 

38 

24.25 

22.63 

16.9 

15.6 

40 

24.19 

22.88 

18.8 

16,9 

42 

24.44 

22.63 

19.0 

17.9 

44 

25.19 • 

22.69 

19.2 

18,8 

46 

25.19 

22.00 

17.6 

17.8 

48 

24.56 

22.44 

16.4 

17.1 

60 

25.31 

22.88 

16.5 

17.6 

62 

25.56 

23.25 

16.5 

16.6 
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TABLE VI— Concluded. 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks. 

gm. 

gm. 

per cent 

per cent 

54 

25.38 

23.44 

18.5 

17.2 

56 

25.38 

23.75 

16.6 

17.1 

58 

25.50 

23.25 

16.7 

16.7 

60 

25,56 

23.06 

16.7 

16.8 

62 

25.38 

23.19 

15.6 

16.8 

64 

25.50 

23.19 

15.2 

16.7 

66 

25.13 

23.19 

14.5 

16.1 

68 

25.19 

22.94 

13.8 

14.7 

70 

25.00 

23.13 

14.0 

15.4 

72 

25.88 

24.14 

15.4 

16.3 

74 

25.31 ! 

24.00 

14.3 

15.5 

76 

25,63 

24.07 

14.5 

15.7 

78 

25.25 

24.14 

14.1 

15.5 

80 

25.38 

24.07 

15.3 

1 16.4 

82 

24.50 

23.29 

14.4 

16.0 

84 

25.13 

23.00 

14.4 

16.6 

86 

25.94 

22.80 

13.9 

16.1 

SS 

25.63 

23.60 

15.5 

17.9 

90 

25.25 

23.40 

12.6 

16.8 

92 

24.25 

26.67 

14.4 

15.1 

94 

24.69 

27.33 

12.0 

12.5 

96 

24.50 

26.25 

13.6 

12.6 


Summary of Table VI .—The long lived animals are at first lighter and 
more variable than the short lived animals. From 23 weeks onwards, 
however^ the long lived group not only catch up to but notably surpass 
the short lived group. At this stage they therefore grow more rapidly 
than the short lived animals. They remain more variable until the 44th 
week. Death, in the short lived group, is preceded by a small increase of 
weight at 72 weeks and at 92 weeks by a large and sudden increase which 
is in part but not wholly due to the death of the lighter individuals. 
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TABLE VII. 

Tethelin-Fed Females; Brief Preadolescent Administration to 12th 

Weeks Only. 


(Average duration of life 695 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

whs. 

gm. 

gm. 

per cent 

per cent 

4 1 

10.90 • 

10.31 

7.9 

9.0 

5 

13.35 

11.77 

18.8 

20.0 

6 

14.27 

13.50 

14.8 

16.2 

7 

16.12 

14.86 

13.8 

15.9 

8 

17.00 

16.46 

13.0 

15.0 

9 

17.81 

i 16.55 

13.6 

14.8 

10 

18.27 

16.77 

12.5 

! 14.2 

11 

19.08 

17.50 

11.7 

13.4 

12 

20.00 

18.75 

13.0 

13.6 

13 

20.62 

19.00. 

10.5 

11.8 

14 

21.15 

19.50 

13.2 

13.3 

15 

21.15 

19.95 

12.6 

12.6 

16 

21.77 

20.10 

11.8 

11.7 

17 ^ 

21.92 

20.85 

11.4 

11.4 

18 

22,65 

21.10 

11.4 

12.0 

19 

23.00 

21.80 

11.4 

12.1 

20 

22.77 

21.45 

10.8 

11.9 

21 

23.23 

22.00 

12.2 

12.7 

22 

23.35 

21.80 

11.4 

12.4 

23 

23.38 

22.05 

10.9 

12.1 

24 

23.65 

22.65 

12.0 

12.3 

25 

23.88 

22.65 

12.9 

13.0 

26 

24.35 

22.75 

11.8 

12.6 

27 

24.12 

22.75 

14.0 

14.3 

28 

24.35 

22.60 

13.6 

15.1 

29 

24.04 

22.85 

12.4 

13.3 

30 

24.8S 

22.85 

13.4 

14.7 

No measurements were made between the 30th and 70th weeks. 

70 

31.81 

27.00 

19.4 

23.2 

72 

32.23 i 

26.33 

19.1 

23.5 

74 

32.46 

27.00 

18.9 

19.5 

76 

32.54 

24.50 

18.9 

20.2 

78 

31.73 

24.76 

15.6 

18.2 

80 

30.54 

24.00 

17.8 

18.2 

82 

‘ 30.62 

23.17 

17.4 

19.2 

84 

1 

30.08 

22.67 

17.4 

19.6 
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TABLE \m—Concluded, 


Age. 

Average -vveiglit 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks. 

gm. 

gm. 

per cent 

. per cent 

86 

29.85 

21.50 

17.1 

20,7 

88 

29.38 

25.00 

16.8 

; 16.9 

90 

29.38 

25.25 

17.4 

17.4 

92 

28.92 

26.50 

17-.8 

17.4 

94 

28.81 

25.50 

17.8 

17.6 

96 

28.15 

25.00 

16.4 

15.8 


Summary of Table VIL —The long lived animals form a group in which 
preadoiescent growth is comparatively rapid and variability low. This 
superiority of growth is maintained and markedly enhanced in later ageSy 
and the long lived animals remain the less variable until the average dura¬ 
tion of life of the short lived group. The death of the short lived group 
may be preceded by a relatively sudden increase of weight (see the 70th to 
74th weeks) j but the lack of weighings betw^een the 30th and 70th weeks 
renders it difficult to be sure of this. A sharp decrease of weight follows 
and slightly, but only slightly, precedes a similar loss of weight in the long 
lived group. 
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. TABLE Till. 


Cholesterol-Fed Males. 
(Average duration of life 764 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

icks. 

gm. 

gm. 

per cent 

per cent 

5 

12.83 

12.85 

19.2 

18.1 

6 

1 13.98 

14.19 

17.0 

19.3 

7 

15.75 

16.00 

14.2 

16.2 

8 

16.80 

17.00 

13.7 

15.5 

9 

16.85 

16.71 

16.4 

17.9 

10 

17.38 

17.46 

17.6 

18.4 

11 

17.88 

17.82 

16.9 

18.2 

12 

19.23 

18.57 

14.2 

16.1 

13 

20.70 

20.11 

11.5 

13.5 

14 

21.88 

20.64 

10.4 

12.4 

15 

22.33 

21.25 

11.7 

13.3 

16 

22.33 

21.61 

10.3 

12.9 

17 

22.34 

22.00 

9.4 

11,0 

18 

23.25 

22.89 

10.5 

11.5 

19 

23.05 

21.81 

7.6 

9.9 

20 

23.90 

22.61 

8.2 

11.0 

21 

23.67 

23.17 

7.0 

9.1 

22 

24.58 

23.64 

9.6 

10.5 

23 

24.03 

24.00 

7.3 

9.4 

24 

24.56 

24.23 

9.7 

10.3 

25 

24.24 

24.25 

6.9 

8.9 

26 

24.64 

24.23 

9.2 

10.5 

27 

24.12 

24.21 

6.8 

9.2 

28 

25.22 

24.64 

9.2 

10.4 

29 

24.35 

24.92 

7.2 

9.1 

30 

24.82 

24.67 

10.5 

11.2 

32 

25.38 

25.29 

10.1 

11.1 

34 

. 25.53 

25.75 

10.5 

11.3 

36 

25.88 

25.36 

11.0 

11.8 

38 

26.08 

26.35 

9.8 

9.9 

40 

26.07 

26.04 

12.7 

11.8 

42 

26.38 

25.88 

11.0 

11.5 

44 

26.03 

26.67 

10,1 

10.4 

46 

27.25 

26.58 

9.8 

11.7 

48 

26.90 

26.73 

8.6 

9-4 

50 

27.05 

26.46 

8.5 

9.3 

62 

26.85 

26.67 

9.4 

10.5 

54 

27.63 

27.29 

8.6 

9.9 

56 

26.93 

27.08 

9.1 

9.8 
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TABLE Concluded. 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

Wl'S. 

gm. 

gm. 

per cent 

per cent 

58 

26.75 

26.83 

9.8 

11.3 

60 

26.93 

26.79 

9.5 

10.8 

62 

27.05 

27.08 

9.2 

10.1 

64 

27.08 

26.83 

8.5 

10.2 

6'6 

27.03 

26.83 

9.5 

10.8 

68 

26.93 

27.29 

8.6 

10.9 

70 

27.23 

27.23 

8.3 

10.2 

72 

27.15 

27.36 

9.5 

10.9 

74 

27.33 

27.27 

8.6 

11.1 

76 

27.33 

28.17 

9.5 

10.8 

78 ! 

27.03 

26.72 1 

10.2 

11.1 

80 

27.25 

27.78 

9.2 

10.3 

82 

27.35 

28.63 

9.6 

10.9 

84 

26.83 

28.00 

10.5 

11.8 

86 

26.98 

28.14 

10.8 

12.4 

88 

27.43 

28.36 

10.4 

11.3 

90 

27.15 

27.79 

11.0 

12.3 

92 

26.83 

27.50 

10.2 

12.1 

94 

26.60 

27.42 

12.0 

13.7 

96 

26.53 

27.75 

13.2 

13.0 

98 

26.43 

26.60 

12.0 

13.4 

100 

26.28 

25.83 

13.4 

14.4 

102 

26.53 

25.33 

12.2 

13.9 

104 

26.25 

28.25 1 

12.4 

13.6 

106 

26.65 

22,00 

12.0 

12.4 


Summary of Table VIIL —^The long lived animals are initially smaller 
but soon thereafter grow more rapidly than the short lived animals and 
are less variable. The superiority of the long lived group is transient and 
disappears at about 25 weeks. Death of the short lived group is preceded 
by a relatively sudden increase in weight (80th week), the long lived 
animals displaying a simultaneous increase of variability but no increase 
in weight. 
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TABLE IX. 


Cholesterol-Fed Females. 
(Average duration of life 658 days.) 


Age. 

Average weight 
(rf long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

wks. 

gm. 

gm. 

per cent 

per cent 

5 

14.08 

12.44 

18.6 

21.5 

6 

13.22 

13.00 

14.4 

15.6 

7 

14.13 

13.71 

15.6 

16.5 

8 

^ 15.09 

14.74 

13.9 

15.4 

9 

15.25 

14.97 

17.4 

17.8 

10 

. 15.75 

15.37 

13.8 

15.2 

11 

16.56 

15.63 

15.6 

18.1 

12 

17.53 

16.74 

13.6 

16.1 

13 

18.22 

17.32 

14.9 

16.9 

14 

18.94 

18.05 

14.1 

14.7 

15 

18.94 

18.63 

13.0 

13.7 

16 

19.59 

18.89 

12.2 

13.3 

17 

19.88 

18.76 

12.5 

12.8 

18 

20.19 

19.19 

12.4 

12.8 

19 

19.94 

19.35 

11.8 

12.3 

20 

20.44 

19.83 1 

12.4 

12.1 

21 

20.84 1 

19.68 

12.8 

12.9 

22 

20.59 

20.14 

12.2 

12.4 

23 

20.88 

20.12 

12.4 

12.4 

24 

21.00 

20.64 

15.2 

14.3 

25 

21.13 

20.76 

14.6 

14.5 

26 

21.33 

21.17 

14.4 

14.7 

27 

21,53 

21.12 

13.3 

14.8 

28 

21.60 

21.53 

14.9 

15.7 

29 

21.69 

21.56 

12.0 

15.2 

SO 

22.00 

22.13 

15.6 

16.6 

32 

21.94 

22.21 

13.6 

17.3 

34 

22.16 

22.41 

13.5 

18.4 

36 

22.22 

22.59 

13.6 

19.9 

38 

22.75 

23.03 

13.8 

20.4 

40 

22.69 

23.06 

13.6 

21.0 

42 

22.66 

23.17 

14.3 

22.8 

44 

22.81 

23.86 

13.4 

23.1 

46 

23.75 

24.61 

13.6 

23.0 

48 

23.53 

24.27 

13.3 

23.4 

50 

23.63 

24.17 

12.2 

23.0 

62 

23.44 

24.95 

12.9 

22.4 

54 

23.97 

25.54 

13.0 

21.9 

56 

23.69 

25.18 

13.9 

23.1 
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TABLE IX — Concluded. 


Age. 

Average weight 
of long 

lived animals. 

Average w’eight 
of short 
lived animals. 

Variability of long 
lived animals. 

Variability of all 
animals combined. 

n'hs. 

07n. 

am. 

-per cent 

per ce'nt 

oS 

23.38 

25.35 

13.7 

23,0 

60 

23.84 

25.15 

14.0 

21.1 

62 

24.16 

25.56 

12.6 

22.3 

64 

23.94 

25.17 

13.4 

21.7 

66 

23.97 

24.83 

14.1 

21.6 

68 

24.25 

23.14 

14.8 

15.5 

70 

24.34 

22.79 

15.0 

15.5 

72 

24.66 

23.29 

16.3 

16.9 

74 

24.38 , 

23.29 

14.3 

15.8 

76 

24.19 

23.29 

16.1 

16.8 

78 

24.13 

23.57 

14.7 

16.0 

80 

24.50 

22.83 

16.9 

17.9 

S2 

24.75 

21.75 

16.4 

IS.5 

84 

24.69 

21.33 

16.8 

19.1 

80 

24.44 

21.00 

16.4 

19.3 


Su7mnaTy of Table IX .—Prior to the 30th week the long lived animals 
grow more rapidly than the short lived animals and they are less variable. 
The unusually early death of the short lived animals in this group is pre¬ 
ceded by a remarkable gain of weight which enables them at a compara¬ 
tively early stage to catch up to and surpass the long lived animals. This 
increase in weight is accompanied by an extraordinary concurrent increase 
of variability which is not perceived in the long lived group until they 
have attained over double the age (60 weeks). This confirms the view 
expressed in previous publications that the high variability of cholcsterol- 
fed animals is due to deleterious effects of the cholesterol, since those ani¬ 
mals which suffered from these effects most markedly also displayed the 
enhanced variability at an early age. 
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TABLE X. 


Lecithin-Fed Males. 
(Average duration of life 731 days.) 


Age, 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of 
long lived animals. 

Variability of all 
animals combined. 

whs. 

gm. 

gm. 

per cent 

per cent 

4 

10.36 

11.18 

9.6 

23.1 

5 

10.22 

12.58 

20.2 

23.2 

6 

11.53 

12.63 

19.1 

21.7 

7 

13.72 

16.15 

18.8 

19.4 

8 

14.69 

18.05 

18.9 

18.5 

9 

16.16 

18.93 

16.6 

15.8 

10 

17.56 

20.38 

13.8 

13.7 

11 

18.53 

21.28 

9.1 

11.4 

12 

19,38 

21.40 

7.6 

10.2 

13 

19.91 

22.05 

8.2 

9.8 

14 

20.38 

22.38 

6.6 

9.4 

15 

20.84 

23.23 

7.2 

9.9 

16 

21.13 

23.10 

7.0 

8.9 

17 

21,47 

23.50 

7.2 

8.5 

18 

22.22 

24.08 

6.6 

8.7 

19 

22.81 

24.45 

5.9 

7.5 

20 

23.34 

24.60 

6.5 

8.0 

21 

23.34 

24.83 

6.3 

8.2 

22 

23.75 

25.75 

5.6 

7.6 

23 

23.50 

25.43 

5.5 

7.9 

24 

23.44 

25.23 

6.4 

8.7 

25 

23.84 

25.08 

6.6 

1 8.6 

26 

23.94 

26.02 

5.1 

; 8.4 

27 

24.09 

25.75 

5.1 

7.4 

28 

24.19 

26.16 

5.9 

8.8 

29 

24.37 

26.03 

5.3 

8.8 

30 

24.50 

26.71 

5.9 

8.8 

32 

24.94 

26.93 

6.5 

8.8 

34 

25.19 

27.23 

5.5 

8.5 

36 

25.41 

28.08 

5.0 

8.8 

38 

25.47 

28.00 

5.2 

8.8 

40 

26.00 

27.97 

5.3 

8,3 

42 

26.00 

28.38 

5.4 

9.5 

44 

25.72 

28.50 

5.7 

10,0 

46 

25.88 

28.38 

5.4 

10.1 

48 

25.88 

29.06 

5.1 

9.1 

50 

25.81 

29.17 

5,1 

9.7 

52 

26.47 

29.13 

6,2 

9.3 

54 

26.91 

29.39 

5.2 

8.7 
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TABLE X—Concluded, 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variabilit5[ of 
long lived animals. 

Variability of all 
animals combined. 

u'ks. 

gm. 

gm. 

per cent 

per cent 

56 

26.59 

29.21 

5.8 

9.0 

58 

26.97 

29.04 

5.4 

7.8 

60 

26.84 

28.96 

6.2 

8.1 

62 

26.50 

28.83 

4.9 

7.5 

64 

26.94 

29.25 

4.9 

7.6 

66 

26.81 

29.25 

5.7 

7.4 

68 

26.53 

28.77 

5.3 

7.3 

70 

27.16 

28.85 

6.4 

7.8 

72 

27.16 

28.56 

5.2 

6.4 

74 

26.78 

29.06 

6.1 

8.1 

76 

26.94 

28.63 

5.7 

7.6 

78 

27.00 

27.75 

4.1 

5.1 

SO 

27.22 

28.50 

5.5 

6.5 

82 

26.75 

28.25 

6.9 

7.5 

84 

26.66 

27.83 

5.0 

6.0 

86 

26.47 

29.13 

6.0 

6.7 

88 

26.91 

28.83 

5.8 

6.0 

90 

27.22 

28.75 

6.4 

6.4 

92 

27.25 

28.25 

5.4 

5.2 

94 

26.84 

28.00 

6.7 

6.6 

96 

26.63 

26.63 

6.8 

6.8 


Summary of Table X .—The long lived animals are initially lighter than 
the short lived group. This relative subnormality is enhanced with time 
and amounts by the 40th week to 2.5 gm. They are consistently and 
very decidedly less variable than the short lived group. The short lived 
animals display a marked increase of weight between the 30th and 50th 
weeks, death being preceded by a gradual slight loss of weight. 
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TABLE XI. 


Lecithin-Fed Females. 
(Average duration of life 677 days.) 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of 
long lived animals. 

Variability of all 
animals combined. 

whs. 

gra. 

firm. 

per cent 

per cent 

4 

9.44 

8.00 

14.7 

16.3 

5 

11.89 

10.85 

16.3 

15.8 

6 

13.58 

13.09 

14.3 

12.7 

7 

14.97 

15.12 

12.3 

9.7 

8 

16.34 

16.62 

9.5 

8.8 

9 

16.79 

17.24 

9.4 

8.6 

10 

17.24 

17.41 

10.0 

9.6 

11 

18.00 

18.18 

9.0 

8.2 

12 

18.37 

19.00 

8.6 

8.6 

13 

18.42 

19.06 

9.0 

8.2 

14 

18,89 

19.69 

7.9 

7.6 

15 

19.50 

19.97 

9.7 

8:9 

16 

19.87 

20.22 

8.3 

8.4 

17 

20.03 

20.53 

8.7 

8.5 

18 

20.13 

20.94 

9.0 

9.0 

19 

20.45 

21.16 

8.7 

8.6 

20 

20.32 

21.03 

8.5 

8.5 

21 

20.71 

21.41 

9.7 

8.8 

22 

20.76 

21.56 

9.9 

9.1 

23 

21.03 

21.66 

9.3 

9.0 

24 

20.97 

21.63 

9.5 

9.4 

26 

21.03 

21.72 

10.4 

9.4 

26 

21.47 

21.88 

9.8 

8.9 

27 

21.29 

22.00 

10.2 

9.8 

28 

21.76 

22.09 

10.7 

9.8 

29 

21.79 

22.38 

10.4 

10.2, 

30 

22.18 

22.50 

10.2 

10.a 

32 

22.16 

22.47 

11.6 

11.2 

34 

22.32 

22.89 

10.7 

10.9 

36 

22.61 

23.25 

10.4 

10.8 

38 

22.47 

23.29 

11.7 

11.4 

40 

22.74 

23.29 

11.3 

11.2 

42 

22.82 

23.25 

13.2 

12.1 

44 

22.97 

23.71 

12.8 

12.9 

46 

22.74 

23.88 

14.6 

13.6 

48 

23.39 

24.92 

13.4 

14.2 

50 

23.34 

24.08 

14.7 

14.4 

52 

24.13 

24.60 

13.8 

14.0 

54 

23.84 

25.90 

14.0 

14.7 
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TABLE XI— Concluded. 


Age. 

Average weight 
of long 

lived animals. 

Average weight 
of short 
lived animals. 

Variability of 
long lived animals. 

j 

Variability of all 
animals combined. 

whs. 

gm. 

gm. 

per cent 

per cent 

m 

23.63 

25.50 

14.2 

14.1 

58 

24.00 

; 26.00 

13.9 

13.5 

60 

23.87 

24.56 

14.3 

13.1 

62 

23.39 

24.44 

13.4 

12.4 

64 

24.26 

24.50 

14.6 

’ 12.9 

66 

24.84 

24.78 

14.0 

13.1 

68 

23.74 

24.11 

15.4 

14.4 

70 

24.53 

24.81 

14.8 

14.4 

72 

24.13 

20.50 

14.3 

15,0 

74 

24.29 

25.17 

15.0 

14.2 

76 

24.66 

25.50 

15.3 

14.5 

78 

24.71 

26.33 

15.2 

14.3 

80 

24.45 

26.50 

15.4 

14.4 

82' 

24.39 

26.33 

15.3 

14.4 

84 

23.97 

26.25 

15.0 

14.5 

86 

24.08 

26.50 

16.6 

15.8 

88 

24.24 

27.25 

16.3 

15,7 

90 

24.47 

26.00 

18.0 

17.6 


Summary of Table XL —The long lived animals are initially heavier and 
less variable than the short lived animals, but from 8 weeks onward the 
short lived animals are slightly heavier than the long lived animals, the 
variability of the two groups being the same. 
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TABLE XII. 


Experimental group. 

Duration of life. 

Difference 

as 

per cent 
of 

average. 

Average. 

Long 

lived. 

Short 

lived. 

Differ¬ 

ence. 


days 

days 

days 

days 

per cent 

Males : 






Tetlielin. 

866 

979 

718 

261 

30 

Pituitary.. 

i 792 

926 

649 

277 

35 

Normal. 

767 

928 

606 

322 

42 

Cholesterol. 

764 

889 

592 

297 

39 

Lecithin. 

731 

943 

519 

424 

58 

Females: 






Tethelin. 

800 

970 

630 

340 

42 

Normal. 

719 

863 

533 

330 

46 

Pituitary. 

704 

831 

514 

317 

45 

Tethelin (brief adminis¬ 






tration) ... 

695 

867 

472 

. 395 

57 

Lecithin.. 

677 

829 

484 

345 

51 

Cholesterol. 

658 

830 

486 

344 

52 















SOME OBSERVATIONS ON COLORIMETRIC ESTIMA¬ 
TIONS WITH SOLUTIONS CONTAINING TWO 
COLORED SUBSTANCES, 

By K. GEORGE FALK and HELEN MILLER NOYES. 

{From the Harriman Research Laboratory, the Roosevelt Hospital, New York.) 
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1. INTRODUCTION. 

Colorimetric methods for the estimation of small quantities 
of various substances have been developed to a considerable 
extent in recent years. At present, such methods appear to offer 
the most promising future for the quantitative determination of 
certain constituents present in small amounts in blood. The 
advances in these methods have been remarkable, although at 
times their accuracy and reliability have been somewhat over¬ 
estimated. The general principle of such methods involves the 
reaction of the constituent to be determined with an added sub¬ 
stance to produce a colored substance in a definite chemical ratio, 
and the estimation of the amount of colored substance formed by 
colorimetric comparison with a known amount of standard sub¬ 
stance. In such methods, a colored substance may be produced 
from a (to the eye) colorless substance, as in the uric acid method 
of Folin and Denish or one colored substance may be converted 
into a differently colored substance. The latter method evidently 
suggests possibilities of confusing complexity. The glucose 
method of Lewis and Benedict^ applied to blood and of Dehn 
and Hartmann^ depends upon the production of a red to brown 
reduction product, probably picramate, from a 3^ellow picrate 

^ Folin, O., and Denis, W., J, Biol. Chem., 1912-13 xiii, 469, 

2 Lewis, R. C., and Benedict, S. R., Proc. Soc. Exp. Biol, and Med., 
1913-14, xi, 57; J. Biol. Chem., 1915, xx, 61. 

3 Dehn, W. M., and Hartmann, F. A., J. Am. Chem. Soc., 1914, xxxvi, 403. 
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under definite conditions. This method was dev(3loped further 
by Benedict and Osterberg^ so as to make possible the determina¬ 
tion of the glucose (or reducing substances) present in ordinary 
'hioriiiar^ urines. Because of some apparently contradictory 
results obtained by different workers with this method^ a careful 
study was made of simple conditions involved in this reaction. 
Certain phases of the results which are presented here are given 
ill some detail because of their general interest and applicability 
to all colorimetric measurements. 

Significance of Colorimetric Go^npar isons. 

Some space may be devoted to the physical significance of the 
readings obtained with colorimeters in general use. When two 
solutions are matched in these, they have the same color. They 
need not be identical in composition or content. A color, as 
determined by the eye, does not fix the wave-lengths in the spec¬ 
trum given b}^ the substance. It is frequently stated that the 
wave-lengths of the spectrum of a substance determine its color. 
This statement requires a significant reservation. If two different 
wave-lengths are shown in the spectrum of a substance, then the 
color of the substance, for example in solution by transmitted 
light, ivill have a certain value to the eye. By color value is 
meant the phj^siological sensation which is considered to be pro¬ 
duced by color and intensity of illumination. It is difficult to 
form a mental picture of these two properties separately, but 
it can readily be understood that both are involved in color sensa¬ 
tion. For want of a better term, color value is used here for this 
phenomenon. If the. concentration of the substance in the solu¬ 
tion is halved, then doubling the length of the column of solution 
would give the same color value to the eye, since the light passes 
through the same amount of colored substance. The assumed 
two wave-lengths of the spectrum possess certain intensities 
which take part in determining the color value observed. A 
second substance will now be taken which at a certain concentra¬ 
tion in solution is matched in a colorimeter against the first. The 
spectrum of the second substance is assumed to give two wave¬ 
lengths differing from those of the first substance, but the colors 
of the two substances as seen by the eye are the same at certain 

^Benedict, S. B., andOsterberg, E., Biol. Chem., 1918, xxxiv, 195. 
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concentrations. Varying the concentration of the second sub¬ 
stance'in solution will give comparable results when matched 
against itself, as does the first, but colorimetric comparisons of 
different concentrations of the two substances may give irregular 
results because the intensities of the different sets of wave-lengths 
may be different and show different variations on dilution. The 
color values are determined by both the wave-lengths and their 
intensities, so that variations in the latter may result in unex¬ 
pected color values as determined by the eye for solutions which 
might be expected to be similar. 

The hypothetical case just outlined is made actual by the 
colorimetric comparisons of bichromate and picramate solutions, 
the results of which are given in Section 5 d. It would appear 
that this relation applies and must be taken into account when¬ 
ever two solutions containing differently colored substances are 
compared colorimetrically. 

Identity of color as determined visually is the basis of the use 
of colorimeters such as the Duboscq. Such a color may be 
made up of two or more colored substances or of a pure substance, 
and still sho'w visual identity with a different substance. This 
leads to another conclusion. Very few’^ e^ms are exactly similar 
in matching color, so that with mixed colored substances differ¬ 
ences may be observed by different individuals. Such differences 
are less likely to occur with a substance of a definite color matched 
against itself in different concentrations. The colorimeter does 
not compare differences in color. When a match is obtained, the 
colors are assumed to be identical. The intensity of illumination 
of the two fields in a colorimeter gives a measure of the relative 
concentrations of the twm solutions being compared. Very small 
differences in intensity of illumination, or amount of light per unit 
of surface, or brightness, can be observed. In practical work, 
the lengths of the columns of the liquids are varied until the 
fields are identical in intensity. The heights of the columns 
through which the light passes give then the relative concentra¬ 
tions of the dissolved substance in the t^vo solutions. The light 
in the two cases is assumed to pass through the same absolute 
amounts of colored substance. This assumes Beer^s law, that the 
amount of absorption is proportional to the concentration of 
dissolved substance. Comparing different concentrations of a 
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solution of one colored substance, this law holds in all probability 
for the ordinary uses to which a colorimeter is put. It is obvious, 
however, that complications may result as a consequence of as¬ 
suming the validity of this law when comparing solutions of the 
same visual color at various concentrations, or when the colors 
are due to different substances or to the (visual) combination 
of two colored substances in varying proportions in the different 
solutions which are compared. Also the nature of the source 
of light may influence colorimetric readings, so that the exact 
illumination used should be stated in every colorimetric study. 

3, Experimental Conditions in the Benedict Methods 

After removal of interfering substances from the urine, or similar 
solution, Benedict and Osterberg determine the glucose, or reduc¬ 
ing substance, by the partial reduction by heat in a carbonate 
solution of a yellow picrate to a red product, using as a standard 
for color comparison a glucose solution treated similarly or a 
picrate-picramate solution, or if picramate is not available a 
bichromate solution. The variable factors in the unknown solu¬ 
tions compared colorimetrically are the concentrations of picrate, 
of alkali, and of picramate. The lengths of time of heating to 
develop the colors may also be varied. In the final unknown 
solutions, the content of picrate (calculated as picric acid) is 
5.8 mg. or 11.5 mg. per cc., the latter with the more dilute glucose 
solutions, the former with the more concentrated. These figures 
are not corrected for the amounts of picrate reduced, but these 
amounts are negligible. The amount of sodium carbonate added 
to bring about the reaction to produce the color is the same in 
every case, but before colorimetric comparison the solutions are 
diluted with water so that finally the concentrations of the sodium 
carbonate added may be in the ratio 2 to 1 in different solutions. 
The concentration of picramate or reduced substance will obvi¬ 
ously vary with the concentration of glucose or reducing sub¬ 
stances, As for the time of heating, it was originally stated 
that 10 minutes were satisfactory. It was found later that this 
was insufficient, but the most satisfactory length of time was not 
fixed. Greatly as a result of the color comparisons, Benedict 
considered the production of picramate to be the reaction taking 
place. 
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4 . Experimental Method. 

A Duboscq colorimeter with cups 52 mm. deep and 20 mm. 
inside diameter, and plungers 113 mm. in length was used in this 
work. The colorimeter was enclosed in a box the inside walls 
of which were painted with white paint. A National Masida 
(Western Electric Sunbeam) 75 watt, 120 volt lamp, the direct 
rays of w^hich were screened from the colorimeter by a partition, 
was used. Indirect constant illumination was obtained in this 
way. Heating was avoided by having a slit in the rear of the box 
for ventilation and by cutting off illumination when readings 
were not being made. All the precautions ordinarily observed 
in the use of a colorimeter were taken. Every result given was 
the average of from four to eight readings. 

The picric acid used was purified and tested by the method of 
Folin and Doisy.® With a saturated solution of picric acid set 
at 20 mm. in the colorimeter, an average reading of 13.3 mm. 
was given by 20 cc. of this solution to which 1 cc. of 10 per cent 
sodium hydroxide solution had been added and allowed to stand 
for 15 minutes. After 24 hours, no change could be detected. 

Picramic acid was prepared from picric acid and ammonium 
sulfide, and crystallized from acetic acid and then from water. 
It melted sharply at 168° (corrected). 

The glucose used was the purest commercially obtainable and 
was dried before being used. Made up to a 4 per cent solution, 
it sho’wed a rotation of 4.14° in a 200 mm. tube at 25° with so¬ 
dium light (calculated 4.20°). 

5. Experimental Results. 

In order to obtain as complete a picture as possible of the con¬ 
ditions involved in the picrate-sugar method, the following series 
of experiments "were carried out: 

(a) Picrate against picrate (varying concentrations and alka- 
linities). 

(b) Bichromate against bichromate (varying concentrations). 

(c) Picramate against picramate (varying concentrations and 
alkalinities). 


s Folin, 0., andDoisy, E. A., /. Biol. Chem., 1916-17, xxviii, 352. 
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(d) Picramate against bichromate. 

(e) Picramate plus picrate against picramate plus picrate 
(varying concentrations). 

if) Gliicose-picrate product against picramate plus picrate 
(varying concentrations). 

(a) Picrate against Picrate {Vay'ying Concentrations and Alka- 
Unities ).—The colors of picric acid solutions, even when saturated, 
were too faint for colorimetric study. The color of a picrate 
solution deepens with increase in concentration of sodium 
li 3 nlroxide as pointed out by Folin.® 

With a solution to which had been added equivalent amounts 
of picric acid and sodium hydroxide matched against a similar 
solution as standard, addition of sodium hydroxide deepened 
the color, but addition of sodium carbonate did not until after 
a certain quantity had been added. For example, in a solution 
which contained per cc. (calculated in terms of the constituents 
added)^ 14.4 mg. of picric acid and 2.5 mg. of NaOH, practically 
no change in color was observed by the addition of sodium carbon¬ 
ate until more than 9.6 mg. per cc. (or almost three equivalents 
per equivalent of picric acid) had been added. 

The concentrations in the solutions used by Benedict are well 
within these limits. The picrate solution used in the develop¬ 
ment of the color contains approximately 36 mg. of picric acid 
per cc.; including the alkali, picric acid, and sodium hydroxide 
in the ratio of equivalents of nearly 1.25 to 1. The sodium car¬ 
bonate added makes the final solutions, omitting the V(‘ry small 
amount of picrate reduced in the reaction, have the following 
content per cc. when compared in the colorimeter: 

When made up to a final volume of 25 cc.: 

5.8 mg. of picric acid; O.S mg. of NaOH; 8.0 mg. of Na^COa. 

When made up to a final volume of 12.5 cc.: 

11.5 mg. of picric acid; 1.6 mg. of NaOH; 16.0 mg. of NaiiCOn, 

(h) Bichromate against Bichromate {Varying Concentrations)— 
Accurate estimations of the content of potassium bichromate in 

® Folin, O., J. Biol. Chem., 1914, xvii, 475, Hunter A., and Campbell, 
W. R., J. Biol. Chem.^ 1916-17, xxviii, 336. 

^ This method of stating the contents of a solution will be followed 
throughout this paper. , 
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solution may be made by colorimetric comparisons. For example, 
halving the concentration was found to give twice the colorimeter 
reading at different settings. 

(c) Picramate against Picramate (Varying Concentrations and 
Alhalinities ).—Some experiments were performed with solutions 
of picramic acid, in which different concentrations were compared 
colorimetrically. The color values so determined ivere not pro¬ 
portional to the concentration of picramic acid. Also, exposure 
to light deepened the color of a picramic acid solution. Since 
picramic acid as such is not used in the method under inves¬ 
tigation, these observations were not continued. 

A number of solutions of picramate with different quantities 
of excess alkali were compared. Each solution was made up by 


TABLE I. 


Content. 

Found. 

Na-iCOs 

Picramic acid per cc. 

per cent 


milli-equivalents 
per cc. 


mg. 

0.8 


150 

0.098 

(0.092-0.100) 

1.6 


300 

0.098 

(0.092-0.101) 

3.2 


600 

0.098 

(0.093-0.100) 

6.4 


1,200 

0.100 

(0.093-0.104) 

NaOH 



2.5 


625 

0.104 

(0.100-0.108) 

5.0 


1,250 

0.104 

(0.100-0.109) 


dissolving 0.050 gm. of picramic acid in 500 cc. of the appropriate 
solution. Table I shows the results obtained when each was 
compared with all the others successively. 1 cc. of every solution 
contained 0.1 mg. or 0.0005 milli-equivalents of picramic acid. 

The results in parentheses indicate the extremes of the averages 
of the comparison of the separate series with increasing alkalinity. 
With the carbonate solutions, the concentration of carbonate had 
no influence on the colorimetric comparisons. With sodium 
hydroxide solutions, there was apparently a slight increase in 
color, but not enough to introduce appreciable error. These 
alkaline solutions, exposed to the electric light for 24 hours, 
showed no difference in color, in contradistinction to the picramic 
acid solutions. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLII, NO. 1 
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A strict proportionality was also found to exist between the 
colorioietric readings and concentration of alkaline picramate 
solutions with the sodium cai^bonate content recommended by 
Benedict and Osterberg. 

(d) Picramate' against Bichromate .—It was shown in Sections 
b and c that the color values, as determined colorimetrically, of 
bichromate solutions were proportional to the concentrations over 
wide ranges, and, similarly, that the color values of picramate 
solutions were proportional to the concentrations over wide ranges. 

A number of bichromate and picramate solutions were compared 
colorimetrically. Table II shows some of the results of such a 
series. 

TABLE II. 


Bichromate. | 

Picramate Solution B. 

Solution A. 

Solution B. 

Concentration 

Colorimeter 

Concentration 

Colorimeter 

Concentra- 

Colorimeter 

per cc. 

readings. 

per cc. 

readings. 

LiOli 

acid per cc. 

readings. 

mg. 

mm. 

mg. 

mm. 

mg. 

mm. 

15.0 

15.0 

15.0 

15.0 

0.042 

18.5 (1) 

15.0 

15.0 

11.3 • 

20.1 

0.031 

24.6 (2) 

15.0 

30.0 

11.3 

40.1 

0.042 

26.3 (3) 

11.3 

15.0 

15.0 

10.9 

0.031 

21.0 (4) 


Bichromate Solution A was used as the standard. The readings 
witii Solution B were found to be inversely proportional to the 
bichromate concentrations at different settings. Readings 1 and 
2 of the picramate solution were inversely ])roportional to the 
picramate concentrations with the same concentration tmd depth 
of bichromate solution. If proportionality to concentration held, 
Reading 3 of picramate solution -should have l.)een twice tliat 
of Reading 1 or 37.0, since the depth of the bichromate was twice 
as great. The value found was 26.3. From Readings 1 and 2, 
Reading 4 for picramate solution should have Ijeeii 18.5. The 
value found was 21.0. 

A number of series of results were obtained showing essentially 
the same relations as those given with greater or less variations 
depending upon the concentrations of bichromate and picramate. 
Since Benedict and Osterberg suggest the use of bichromate as 
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standaxcl only if the other standards are not available, these 
results will not be given, in detail. This difference in the color 
match is perceived much more readily by some eyes than by others. 
If the eye is very sensitive to such differences, the results will be 
corresponding^ less accurate. This difference is also brought 
out clearly by inserting glasses of different colors, such as green, 
in the colorimeter so that the light before it reaches the eye passes 
through them. However, it is possible to obtain a match in 
most cases, but a greater latitude must be allowed here because 
of this difference. 

The conclusions from the results may be stated as follows: 

1 . With a bichromate solution of unvarying concentration as 
a standard, always set at the same height in the colorimeter, 
solutions of picramate give readings inversely proportional to 
their concentrations. 

2 . Read against bichromate solutions of different dilutions set 
at the same height, or against the same bichromate solution set 
at different heights, picramate solutions do not give proportional 
readings. 

The use of bichromate as standard depends, therefore, upon 
the determination of the colorimetric equivalence of bichromate 
and picramate for the definite colorimeter setting and concentra¬ 
tion of the bichromate solution used, 

Folin pointed out this same fact, in his paper on the determi¬ 
nation of creatinine, using a bichromate solution as standard.® 
He has since abandoned bichromate in favor of creatinine itself.® 

The differences pointed out apply in general to colorimetric 
comparisons of solutions of substances whose colors are visually 
alike but due to different absorption spectra. It was pointed out 
by Newcomer^^ that ^Tt is thus essential in order that a color 
match be satisfactory under varying conditions that the absorp¬ 
tion curves of the two substances composing the match be as 
near alike as possible.’/ In any other case, the limitations of 
standard solution setting and concentration must be adhered to. 

(c) Picramate Plus Picrate against Picramate Plus Picrate 
{Varying Concentrations). —Since the picrate sugar method in- 

® Folin, O., Z. physiol. Chem., 1904, xli, 223. 

® Folin, 0,, J. Biol. Che7n.j 1914, xvii, 469. 

Newcomer, H. S., J. Biol. Chem., 1919, xxxvii, 486. 
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volves the use of two coiored substances, it is of interest to com¬ 
pare the color values of these substances. An attempt was there¬ 
fore made to determine the mg. of picrate equivalent colori- 
metrical!}^ to 1 mg. of picramate. A number of methods may 
be used based upon suitable colorimetric measurements. 

When two solutions match (possess the same color value), the 
ratio of their color values per cc., or per mm. of height as deter¬ 
mined in a colorimeter, is inversely proportional to these heights. 
Assuming proportionality of concentration to color value within 
a limited range, with one solution as standard, for the other solu¬ 
tion the concentrations of picrate and picramate may be calculated 
which will give the same color value as the first solution. From 
these, the colorimetric ratio of picramate to picrate can readily 
be calculated. 

The general relations involved may be expressed as follows: 

P ~ Color value of 1 mg. of picramic acid (present as picramate). 
p = 1 “ “ picric “ ( picrate). 

Rs = Heading of height of standard solution in colorimeter. 

Ru = unknown “ “ 

s == Mg. of picramic acid (present as picramate) per cc. in standard 
solution. 

— Mg. of picric acid (present as picrate) per cc. in standard solution. 
u == Mg. of picramic acid (present as picramate) per cc. in unlmown 
solution. 

u* = Mg. of picric acid (present as picrate) per cc. in unkiiom solution. 
For the same color value of the standard and unknown 

sP + s'p = ~ (uP + u^p) 

its 


From this it follows that the ratio of the color values of the same 
weights of picramic and picric acids (present as their salts in 
alkaline solution) is given by the expression 


P 

V 


f Ru , 

'' R, ^ 
Ru 
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. P , 

Also, if the ratio - is known, then, comparing two solutions 


both of which contain known concentrations of picrate, and one 
a standard amount of picramate, the concentration of picramate 
(calculated as picramic acid) in the unknown is given by the 
expression 


u 


Ru 



P 


In the following experiments, the picrate and picramate are 
always expressed as mg. of picric and picramic acids per cc. of 
solution. Enough excess alkali is present in every case to bring 
out the necessary" color as found in preceding sections. 

In order to obtain the value of the color equivalence of pic¬ 
ramate and picrate, series of experiments were carried out in 
which colorimetric comparisons were made between picramate 
on the one side and picramate plus picrate on the other; 
between picramate plus a small amount of picrate (having a 
color value very close to the solution recommended by Benedict) 
on the one side and picramate and picrate on the other; and 
between picramate and picrate on both sides. Table III shows 
some of the typical results obtained. Solutions A and B refer 
to the two being compared, and concentrations are given in the 
usual terms. The actual readings obtained are not given. These 
were varied over considerable ranges, but regularities connected 
with these variations were not observed. The color value ratios 
of picramate to picrate were calculated by means of the equation 
given in the table. 

The first striking fact of these results is their apparent lack of 
constancy for the picramate-picrate ratio. This may be only 
apparent to some extent, as it was found in some cases that small 
differences in readings would cause comparatively large differences 
in the calculated ratios. 

For example, a difference in the colorimeter readings of 0.3 
mm. each would have resulted in the ratio of 1,000:1 for the 
seventh, tenth, and thirty-second results where the ratios found 
were 750, 1,100, and 1,210 to 1. Similarly, a difference in the 
reading of 0.4 mm. for the first result and 0.6 for the fifth, where 
the found ratios were 440 and ‘810 to 1 would have given the ratio 
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TABLE III. 


Sol ution A. 

Solution B. 

Color ratio 
picramate: 
pierate. 

Concentration of 
pierate. 

Ct>n( 2 entration of 
picramate. 

Concentration of 
pierate. 

Concentration of 
picramate. 

?ny, per cc. 

mg. per cc. 

mg. per cc. 

7ng. per cc. 



o.oso 

7.2 

O.OSO 

440 


0.070 

10.8 

0.070 

550 


0.060 

14.4 

0.060 

650 


0.050 

18.0 

0.050 

800 


0.040 

21.6 

0.040 

SIO 


0.030 

25.2 

0.030 

■ ('50 


0.035 

5.4 

0.035 

750 


0.031 

9.0 

0.031 

910 


0.027 

12.6 

0.027 

950 


0.023 

16.2 

0.023 

1,100 


0.019 

19.8 

0.019 

9S0 


0.100 

7.2 

O.OSO 

450 


0.100 

10.8 

0.070 

590 


0.100 

14.4 

0.060 

640 


0.100 

18.0 

0.050 

7S0 


0.100 

21.6 

0.040 

860 


0.100 

25.2 

0.030 

84.0 


0.042 

5.8 

0.015 

1,000 


0.042 

5.8 

0.018 

1,060 


0.042 

5.8 

0.022 

860 


0.042 

5.8 

0.025 

910 


0.042 

5.8 

0.028 

890 


0.042 

5.8 

0.032 

790 

(2.0). 

0.042 

5.8 

0.015 

1,140 

(2.0) 

0.042 

5.8 

O.OIS 

1,070 

(2.0) 

0.042 

5.8 

0.022 

1,130 

(2,0) 

0.042 

5.8 

0.025 

910 

(2.0) 

0.042 

5.8 

0.02S 

890 

(2.0) 

0.042 

5.8 

0.032 

1,080 

(2.0) 

0.042 

5.8 

0.036 

1,190 

(2.0) 

0.042 

5.S 

0.040 

1,390 

(2.0) 

0.042 

5.8 

0.044 

1,210 

(2.0) 

0.042 

5.8 

0.04S 

990 

(2.0) 

0.042 

11.5 

0.015 

1,340 

(2.0) 

0.042 

11.5 

O.OIS 

1,270 

(2.0) 

0.042 

11.5 

0.022 

1,320 

(2.0) 

0.042 

11.5 

0.025 . 

1,180 

(2.0) 

0.042 

11.5' 

0.02S 

1,220 

(2.0) 

0.042 

11.5 

0.032 

1,120 
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TABLE lll~-Conclv.ded. 


Solution A. 

Solution B, 

Color ratio 
picramate: 
picrate. 

Concentration of 
picrate. 

Co.ncentratioii of 
picramate. 

Concentration of 
pierate. 

Concentration of 
picramate. 

mg. per cc. 

mg. per cc. 

mg. per cc. 

mg. per cc. 


(2.0) 

0.042 

11.5 

0.036 

1,010 

(2.0) 

0.042 

11.5 

0.040 

950 

(2.0) 

0.042. 

11.5 

0.044 

910 

(2.0) 

0.042 

11.5 

0.048 

810 

5.S 

0.032 

5.8 

0.016 

790 

5.S 

0.048 

5.S 

0.016 

1,040 

5.S 

0.064 

5.8 

0.016 

920 

5.8 

0.048 

5.S 

0.032 

1,310 

5.8 

0.064 

5.8 

0.032 

1,180 

00 

0.064 

5.8 

0.048 

1,220 


of 1,000:1. These results give perhaps the extreme variations 
for difference in ratio with small difference in colorimeter reading. 
The variation of the ratio is evidently connected with the differ¬ 
ences in concentration of both picrate and picramate in both 
solutions. With four such variables to deal with, it is impossible 
to draw general conclusions with regard to the change with the 
results obtained. 

The first twenty-three results were obtained by comparison 
with pure picramate solutions (containing excess of alkali). In 
the Benedict method, a standard solution containing picramate 
and picrate is prepared very nearly equivalent to the color de¬ 
veloped by 1.0 mg. of glucose with the 4 cc. of picrate solution,, 
heated for 10 minutes, finally diluted to 25 cc. Solution A with 
0.042 mg. of picramic acid (as picramate) per cc. has a color 
value equivalent to that produced by this amount of glucose 
when the heating was continued for 1 hour. The next t'lventy 
experiments had for Solution A a color value equivalent to 
0.042 mg. of picramic acid per cc. as before, but made up with 
the relative concentrations of picrate and picramate used by 
Benedict as standard. This contained very nearly 2.0 mg. of 
picric acid (as picrate) per cc., and a colorimetric equivalent less 
of the picramate. This is shown in the table by placing the 2.0 
mg. of picric acid in parentheses. 
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Forty-nine results are given. Thirty-one of these give pic- 
ramate-picrate color ratios between 800 and 1,200 to 1. Ten 
are below 800, of these two of 790 each, one of 780. Eight are 
above. 1,200, of these one of 1 , 210 , two of 1,220. The average 
of the forty-nine results gives a ratio of 963 to 1. The average 
of the thirty-one results (800 to 1 , 200 ) gives 984 . Of the four 
results giving ratios less than 600 to 1 , two were obtained with 
0.080 mg. of picramic acid per cc., and two with 0.070 mg. of 
picramic acid per cc. Some experiments with greater concen¬ 
trations of picramic acid gave still smaller ratios. These decreas¬ 
ing ratios with increasing picramate are evidently to be referred 
to the same cause as the lack of equivalence of bichromate and 
picramate solutions at different concentrations described in 
Section 4 d. The color values as determined by the eye vary 
differently in these solutions containing relatively more picramate 
than where small amounts are present. 

In view of the possibility of experimental inaccuracy, and also 
because the ratio serves in the main as a correction term, the round 
value of 1,000 to 1 will be used here as the color value equivalent 
of picramic and picric acids (present as their salts). In solutions 
containing considerably larger concentrations of picramate than 
are met with in general work, this ratio will be less; if considerably 
less picramate is in solution than is found ordinarily, this ratio 
must be increased. 

As stated before, this varying ratio of colorimetric equivalence 
of picramate and picrate probably is to be referred to the physical 
method of determining color values and not to any chemical 
change in the substances in solution. It is also probalde that 
the ratio of the concentrations of picramate and picrate in the 
solutions is the predominating factor which determines their 
colorimetric equivalence, although, because of the measurements 
which were carried out, greater emphasis was placed upon the 
picramate concentrations given in the tables. That is to say, 
for high concentratioiivS of picramate and low of picrate, 1 mg, 
of picramic acid (present as picramate) will possess a color value 
equivalent to less than 500 mg. of picric acid (present as picrate), 
possibly as low as 200 mg. in some cases. For low concentrations 
of picramate and high of picrate, 1 mg. of picramic acid (present 
as picramate) will be equivalent in color value to 1,500 mg. or 
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more of picric acid (present as picrate). For intermediate con-” 
centrations as shown in the table, the ratio is in the neighborhood 
of 1 to 1,000. 

This lack of constancy in the equivalence of the color values 
of picramate and picrate obviously causes a measure of uncer- 
tainty in correcting for the presence of picrate in the colorimetric 
measurements. This is true especially when the solutions which 
are being compared contain widely different concentrations of 
the two constituents. 

(/) Glucose-Picrate Product against Picramate Plus Picrate {Vary¬ 
ing Concentrations—In the preceding sections an attempt was 
made to describe the relations which appear to underlie the colori¬ 
metric comparisons of the glucose-picrate method. There will 
be presented in this section some of the results and conclusions 
obtained with glucose solutions bearing more directly upon the 
determination of glucose as described by Benedict and Osterberg. 

Benedict and Osterberg used various solutions as their standards. 
In the first place they suggest a solution prepared from glucose 
at the same time and in the same way that the filtrates of the 
unknown solution are treated. Such a solution would contain 

5.8 mg. of picric acid (as picrate) and colored substance obtained 
from 0.04 mg. of glucose per cc. The best permanent standard 
(giving a color value very nearly that given by the picrate solution 
with 0.04 mg. of glucose) as given by them contained very nearly 

1.8 mg. of picric acid and 0.35 mg. of picramic acid (both present 
as their salts) per cc. Where pure picramic acid is not available, 
they suggested the use of potassium bichromate as a standard 
but indicated that the other standards are preferable. 

Some points in their experimental procedure may be discussed 
briefly. Since they found that increasing the concentration of 
sodium carl}onate in the glucose solutions produced continuously 
increasing color, the concentration recommended by them as 
best was adhered to strictly in this work. The length of time of 
heating the glucose solution to produce the colored substance is 
an important question. In order to obtain quantitative and 
comparable results in every case, it would appear that a definite 
reaction must take place leading to definite products. This 
implies that an end-point must be reached which is stable to a 
certain extent, so that further treatment within reasonable limits 
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will not produce further change. Benedict and Osterberg stated 
ill their paper that 10 minutes heating sufficed^ but in a private 
comniimication expressed the opinion that a longer time was 
advisable. 

A number of series of experiments were carried out to test 
this view. Table IV gives some of these results. The solutions 
as read contained 0.040 mg. of glucose, 5.8 mg. of picric acid, and 
the usual concentration of alkali per cc. The procedure of Bene¬ 
dict and Osterberg w^as followed strictly, except for the different 
times of heating. Comparisons were made with the standard 
picramate solution recommended by Benedict and Osterberg. 


TABLE IV. 


Time of heating. 

Colorimetric readingf^. 

Solution I. 

Solution II. 

Solution III. 

'/nin. 




5 

14.4 

17.6 

22.6 

10 

13.6 

15.4 

17.7 

15 

13.6 

14.9 

15.S 

20 

13.2 

15.1 

15.2 

25 

13.5 

14.6 

15.3 

30 


14.4 

15.1 

35 


14.7^ 

14.9 

40 


14.5 

14.7 

45 


14.5 

14.5 

50 


14.1 

14.2 

55 


14.4 

14.3 

60 


14.2 

13.9 


With Solutions I and II, the color was developed directly with 
the glucose solution; Solution III was submitted to the pu^cipita- 
tion procedure with mercury salt and alkali before the color was 
developed. 

With the salts from the precipitation procedure present, con¬ 
siderably longer time was needed for full color development. 
With pure glucose solution 10 to 20 minutes appear to be sufficient. 
There was practically no further change here on heating to 1 
hour. Various factors influence the rate of production of colored 
substance from the picrate, such as alkalinity of solution, con¬ 
centration of glucose, and the presence of other sul:)stances. 
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Benedicf^^ einphasizecl the fact that very small amounts of acetic 
acid ill excess lead to a remarkable decrease in the rate of color 
development, while pointed out the retarding effect of 

sodium chloride. 

In view of these facts, and because it was considered inexpedient 
to heat for a short period of time on the assumption that the 
reaction had proceeded to a certain definite point, it was decided 
to heat all glucose solutions for 1 hour in studying this reaction. 
This length of time of heating results in a difference in the con¬ 
centration of the permanent standard recommended hy Benedict 
and Osterberg and prepared by color comparison with a solution 
from 0.04 mg. of glucose per cc. The^^ found that a solution con¬ 
taining 1.8 mg. of picric acid and 0.035 mg. of picramic acid (pres¬ 
ent as their salts) gave a satisfactory standard for this amount 
of glucose. For the longer time of heating, and using the constit¬ 
uents in the solution in the same ratio that they did, it -was found 
that the concentrations giving a color value equivalent to this 
amount of glucose contained very nearly 2.0 mg. of picric acid 
and 0.040 mg. of picramic acid (present as their salts) per cc. 

The results obtained are given in Table V. The glucose solu¬ 
tions were treated wdth the sodium carbonate solutions recom¬ 
mended by Benedict and Osterberg, the volumes of glucose 
solution ranging from 1.0 to 4.0 cc. and the total glucose content 
from 0.42 to 1.5 mg., the concentrations given in the table repre¬ 
senting mg. of glucose per cc. after dilution. These were heated 
for 1 hour, then diluted with water to 25 cc. or 12.5 cc., and com¬ 
pared with the standard solution of picrate plus picramate. The 
usual excess of alkali was present. 

Columns 1 and 2 show the concentrations of picric acid and 
picramic acid (present as their salts) in the standard, Coluniii 
3 the concentration of picric acid (present as its salt) in the 
known/^ and Column 4 the added concentration of glucose in 
the “unknown’' solution. From the colorimetric readings, the 
concentration of picramate in the unknown 'was calculated, cor¬ 
rection for the picrate present being made on the assumption 
that the colorimetric equivalents of the color values of picramate 
to picrate were in the ratio of 1,000 to 1, From these values and 

Benedict; S. E., J. Biol. Cliem.^ 1919, xxxvii, 503. 

^2 Okey R., /. Biol. Chem.f 1919, xxxviii, 33. 



TABLE V. 


standard. 

Unknown. 

Color ratio 
glucose: picramic. 

Picric. 

Picramic. 

Picric. 

Glucose. 

mg. 

mg. 

mg. 

mg. 


5.8 

0.016 

5.8 

0.034 

1.44 

5.8 

0.016 

5.8 

0.038 

1.38 

5.8 

0.016 

5.8 

0.040 

1.36 

5.8 

0.016 

5.8 

0.042 

1.29 

5.8 

0.016 

5.8 

0.054 

1.26 

5.8 

0.032 

5.8 

0.034 

1.36 

. 5.8 

0.032 

5.8 

0.03S 

1.31 

5.8 

0.032 

5.8 

0.040 

1.29 

5.8 

0.032 

5.8 

0.042 

1.26 

5.8 

0.032 

5.8 

0.054 

1.19 

5.8 

0.048 

5.8 

0.034 

1.38 

5.8 

0.048 

5.8 

0.038 

1.32 

5.8 

0.048 

5.8 

0.040 

1.28 

5.8 

0.048 

5.8 

0.042 

1.29 

5.8 

0.048 

5.8 

0.054 

1.20 

5.8 

0.064 

5.8 

0.034 

1.35 

5.8 

0.064 

5.8 

0.038 

1.30 

5.8 

0.064 

5.8 

0.040 

1.28 

5.8 

0.064 

5.8 

0.042 

1.23 

5.8 

0.064 

5.8 

0.054 

1.17 

6.8 ! 

0.020 

5.8 

,0.034 

1.33 

5.8 

0.020 

5.8 

'o.oss 

1.31 

5.8 

0.020 

5,8 

0.040 

1.32 

5.8 

0.020 

5.8 

0.042 

1.30 

5.8 

0.020 

5.8 

0.054 

1.20 

5.8 

0.040 

5.8 

0.034 

1.26 

5.8 

0.040 

5.8 

0.038 

1.32 

5.8 

0.040 

5.8 

0.040 

1.26 

5.8 

0.040 

5.8 

0.042 

1.20 

5.8 

0.040 

5.8 : 

0.054 

1.17 

Mean... 

1.2S7 


5.8 

0.016 

11.5 

0.034 

2.06 

5.8 

0.020 

11.5 

0.034 

1.75 

5.8 

0.032 

11.5 

0.034 

1.92 

5.8 

0.040 

11.5 

0.034 

1.84 

5.8 

0.048 

11.5 

0.034 

1.80 

5.8 

0.064 

11.5 

! 0,034 

1.79 


126 




K. G. Falk and H. M. Noyes 


127 


TABLE ^—Concluded. 


Standard. 

Unknown. 

Color ratio 
glucose: picramic. 

Picric. 

Picramic. 

Picric. 

Glucose. 

mg. 

mg. 

mg. 

mg. 


11.5 

0 

5.8 

0.034 

1.63 

11.5 

0 

5.8 

0.038 

1.54 

11.5 

0 

5.8 

0.040 

1.53 

11.5 

0 

. 5.8 

0.042 

1.45 

11.5 

0 

5.8 

0.054 

1.43 

11.5 

0.030 

5.8 

0.060 

1,17 

11.5 

0.030 

5.8 

0.050 

1,25 

11.5 

0.030 

5.8 

0.040 

1.32 

11.5 

0 

11.5 

0.034 

i 2.18 

11.5 

0.030 

11.5 

0.060 

1.39 

11.5 

0.030 

11.5 

0.050 

1.58 ■ 

1.8 

0.035 

5.8 

0.060 

1.10 

1.8 

0.035 

5.8 

0.050 

1.15 

1.8 

0.035 

5.8 

0.040 

1.20 

1.8 

0.035 

5.8 

0.030 

1.57 

1.8 

0.035 

5.8 

0.020 

1.87 

1.8 

0.035 

11.5 

0.060 

1.32 

1.8 

0.035 

11.5 

0.050 

1.46 

1.8 

0.035 

11.5 

0.040 

1.76 

1.8 

0.035 

11.5 

0.030 

2.10 

1.8 

0.035 

11.5 

0..020 

5.40 


the concentrations of glucose given in Column 4, the ratios of the 
equivalents of color values of glucose to picramic acid (present 
as its salt) for equal weights of the two were calculated and are 
given in Column 5. 

The striking fact observed with the glucose-picramic ratio is 
its lack of constancy. Two immediate assumptions are intro¬ 
duced in the calculations; namely, the value and constancy of the 
picramic-picric ratio, and the definite character of the reaction 
by which glucose is transformed into the colored substance. This 
reaction is assumed to lead solely to the formation of picramate. 
It is probable that while picramate is the main product of the 
reaction other substances, even if only in very small amounts, 
are produced as well. 
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With regard to the constancy of the picramate-picratc ratio 
assumed, any other constant values would give similar irregular 
results for the giiicose-picramic ratio. Only by assuming different 
ratios for different amounts of picramic and picric acids could 
constant results be obtained. Such ratios would be dependent 
in part upon the concentrations of the two substances both in 
the standard and in the unknown solutions. 

These general irregularities are due undoubtedly mainly to the 
optical properties of the solution and the errors inherent in the 
visual method of comparison described in the preceding sections. 
At the same time, it is possible that the times of heating and the 
concentration of the alkali during heating might influence the 
results. 

The results may be treated somewhat differently. Two read¬ 
ings with different solutions may be combined in a pair of simul¬ 
taneous equations, with the picrate-picramate ratio and the 
gliicose-picrate ratio as the unknown quantities. Solving a 
number of these sets of equations which involve no assumption 
as to the color equivalence of picrate and picramate gave similar 
vaiying values for the two ratios, indicating that the variations 
are inherent in the nature of the results (or the experiments). 

Ill spite of this lack of constancy, it may be possible to go some¬ 
what farther with these results. The optical properties might 
be expected to cause the smallest interference if the solutions 
compared are most nearly alike in composition. This similarity 
is evidently obtained with the first thirty results in Table V, The 
mean value of the glucose-picramic ratio is 1.29 to 1 for these. 
This indicates a fairly definite chemical reaction, wliich it would 
be possililc to formulate if more chemical evidences were availa1)le. 

The remaining results given in tlic talfio show gr(‘.aiier variai ions 
in the glucose-picramic ratio, but also contain much greater differ¬ 
ences in the contents of the solutions being compared. As stated 
before, although it is possible that the chemical reaction leading 
to the production of colored substance by the action of glucose 
on picrate may be different depending upon the concentration of 
the glucose and the more or less accidental presence of other sub¬ 
stances, it is more probable that this ratio is much more constant 
than the results would indicate and that the apparent inconstancy 
is caused by the inconstant picramic-picric ratio and the optical 
properties of the solutions being compared. 
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At tlie same time, it may be pointed out that the percentage 
of the total color which is due to the glucose is large. It may 
vary from 60 per cent for very dilute glucose solutions to 80 and 
even 90 per cent for the solutions met with ordinarily. 

Benedict and Osterberg did not enter into these questions 
specifically in their paper. However, from the results of the 
permanent standard given by them, the ratio of the color values 
of glucose to picramic acid (present as picramate) is found to be 
1.14 to 1. This ratio is less than that of the average of a number 
of the results given in Table V. It is uncorrected for picrate color 
and is based upon 10 minutes heating of the glucose solution. 

It is evident that Benedict and Osterberg developed conditions 
involving concentration of picrate, concentration of alkali, time 
of heating, etc., which permitted them to obtain results of a con¬ 
siderable degree of accuracy?' in the determination of glucose. 
The extension of their work, for which the results are presented 
here, indicates that the conditions which they realized are limited, 
especially -with regard to the concentration of glucose which may 
be estimated accurately. Especially with very small amounts of 
reducing substances present, where the standard and unknowm 
solutions differ considerably in content and concentration might 
less accurate results be expected. 

Because of the factors which may be varied in tlu^ standard 
and in the unknown, no attempt will be made here to sho'w the 
limits of accuracy of the determinations with different amounts 
of glucose. 

CONCLUSIONS. 

An attempt was made to outline some of the principles imdex- 
lying the ordinary use of the colorimeter for quantitative work. 
In connection with colorimetric estimations in mixtures of two 
colored substances, the glucose-picrate colorimetric method de- 
veloped in detail by Benedict and cowurkers was studied. It 
was pointed out that the optical properties as determined visually 
with a colorimeter permitted of accurate estimations for such 
solutions only in special cases. In order to be certain of quanti¬ 
tative results, the standard and unknown solutions, containing 
two colored substances, should be very nearly alike in composition 
and concentration. The errors introduced otherwise may be 
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considerable* The experimental results leading to these con¬ 
clusions are given in some detail for mixtures of picrate and 
picramate, and for mixtures of picrate and the reduction product 
of picrate obtained by the action of glucose. 

It is desired to thank Dr. I. Grecnwald for his invaluable aid 
in planning the experiments and in the treatment of the results. 
Thanks are also due Mr. R. P. Greene for continued help in the 
different parts of the investigation. 
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(Received for publication, March 23, 1920.) 

During the course of the last few years, as fairly accurate quan¬ 
titative data—that is quantitative in a biological sense—on the 
distribution of the fat-soluble vitamine in various plant materials 
had become available, it appeared increasingly desirable to at¬ 
tempt to concentrate this dietary essential for a study of its 
chemical properties. For some time we hesitated to initiate ex¬ 
periments of this nature as from our experience with the fat- 
soluble vitamine content of butter fat we were impressed with its 
instability under certain environmental conditions. Our attempts 
were therefore first directed to a study of its distribution (1,2) 
and its stability under the conditions in which it is found in plant 
materials (3). While this work was far from being completed 
when these expeximents weiu started our results were sufficiently 
inclusive to indicate that the fat-soluble vitamine as found in 
plants was very stable and that no immediate serious difficulty 
was to be anticipated even if no special precautions were taken 
to minimize its destruction. 

The first experiments inaugurated were based upon our re¬ 
cently observed relations in the distribution of the fat-soluble 
vitamine in roots and maize with respect to the occuiTence of 
certain yellow plant pigments (4). In the highly pigmented 
yellow roots such as yellow carrots and sweet potatoes there had 

* Published with the permission of the Director of the Wisconsin Ex¬ 
periment Station. 
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been found an abundance of the vitamine as contrasted with thc' 
iioii-pigmciited roots in which it was found absent or at most 
present in vcr.y small amounts. The same relations held with 
respect to maize. Out of four varieties of white maize extensively 
grown in the corn belt not a single one was found to contain ap¬ 
preciable amounts of the vitamine; yellow varieties of maizej on 
the other hand, never failed to give evidence of containing it in 
considerable quantities. It will be recalled that there are similar 
relations in the case of fats which have already been briefly 
touched upon (5), but which will be more extensively discussed in 
a later publication. 

As the fat-soluble vitamine was originally discovered in butter 
fat (6, 7) the one property available for its extraction and its ac¬ 
cumulation -which naturally would suggest itself to us was its 
solubility in fats. But here it was very obvious that butter fat 
by reason of its prohibitive cost could not be used in extensive 
preparations as a source of this dietary essential. It was, how¬ 
ever, hoped that plant materials rich in the vitamine might yield 
it to fats by appropriate treatment. 

For experiments of this nature both green leafy materials and 
carrots w^ere available. It was planned to saturate these with 
lard, olive oil, or corn oil, extract the fat with ether, and then 
incorporate the extract in a ration for the determination of the 
vitamine. Preliminary experiments -with olive oil and alfalfa 
yielded us an extract containing chlorophyll which proved impo¬ 
tent as a source of the vitamine. As chlorophyll in itself ob¬ 
viously -was a constituent not to be desired in the extract we gave 
up the use of alfalfa and turned our attention to carrots on which 
we used corn oil and ether as the solvents in one case and lard 
and ether in the other. Our results were entirely unsatisfactory; 
a lard-ether extract gave absolutely negative results and a corn 
oil-ether extract gave results indicating that only traces of the 
vitamine were contained in it. 

We next turned our attention to the direct extraction of the 
vitamine by means of fat solvents. Desiring to avoid the con¬ 
tamination of our extracts with chlorophyll and the large amounts 
of waxes associated with the external surfaces of plant structures, 
we concluded to use carrots in these experiments. Moreover, we 
surmised that extracts of carrots by virtue of the palatability of 
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the roots would not prove distasteful to the animals. In this we 
were in error as the essential oils of the carrot in concentrated 
form are distinctly bitter. This proved a difficulty in our work^ 
especially as our extracts were found so low in their content of 
the fat-soluble vitamine that it was found necessary to feed them 
in considerable concentration to obtain unequivocal demonstra¬ 
tion of the presence of the vitamine. Ether gave entirely nega¬ 
tive results, but alcohol, carbon disulfide, chloroform, and ben¬ 
zene gave fairly satisfactory evidence of solvent properties for the 
vitamine. In no case was the result entirely satisfactory as the 
extracted carrot residues when fed in small amounts as the sole 
source of the fat-soluble vitamine gave no evidence of having 
been seriously depleted in their vitamine content. It was evi¬ 
dent to us that, while carrots contained the fat-soluble vitamine 
in abundant amounts, for some reason or other—probably on 
account of the presence of the colloidal pectins and hemicellu- 
loses or possibly on account of the occurrence of the vitamine 
in molecular combinations—no satisfactory quantities of the 
vitamine could be accumulated from them. We then directed our 
attention to alfalfa again as our single failure to secure a potent 
fat extract with this material appeared no less promising than our 
results obtained with the same technique on carrots. We did 
not feel assured that fat solvents by themselves would not 
be efficacious in giving us active preparations, a surmisal 
which proved entirely justifiable as shown by our experimental 
results. Benzene and cold 95 per cent alcohol were found to be 
excellent solvents; ether gave far inferior results. With yellow 
maize, which was later added to the materials investigated, ether 
again gave poor results, but hot alcohol removed the vitamine 
almost quantitatively. 

The apparent difficulties anticipated in connection with the 
production of a concentrated fat-soluble vitamine preparation 
now no longer appeared insurmountable. It remained to be 
seen whether our observations of the association in nature of 
plant pigments of the carotin and xanthophyll type, the so called 
carotinoids, would aid us in formulating additional experiments 
for the characterization of the vitamine. We had already found 
in numerous trials that the fat-soluble vitamine was not extracted 
by water which together with its demonstrated solubility in fat 
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solvents made it appear highly probable that' we were dealing 
with a lipoidal molecule. As the carotiiioids [u*e ol:)taiiied by 
ether extraction of a saponified alcoholic extract of leafy materials 
we applied such a procedure in an attempt to secure an active 
preparation from alfalfa. In this we were entirely successfiil. 
Furthermore, a fractionation of this material by the methods used 
to separate carotin from xanthophyll led to securing a crude caro¬ 
tin preparation which contained the fat-soluble vitamine in large 
amounts and a crude xanthophyll preparation which contained 
none or little of it. 

EXPERIMENTAL. 

For the demonstration of the presence of the fat-soliiblc vita¬ 
mine in our extracts and extraction residues, rats were used as 
the experimental animals. The extracts fed in most cases—ex¬ 
ceptions being noted in their proper places later—were evaporated 
on dextrin and as such incorporated in a basal ration of 18 per 
cent casein, 2 per cent agar, 3 to 5 per cent ether-extracted wheat 
embryo and 4 to 5 per cent salt .mixture,’- the remaining caloric 
requirements being furnished by dextrin. The animals were fed 
and watered daily and were weighed once a week. This has be¬ 
come the general routine procedure of the laboratory for practi¬ 
cally all our experimental groups, some being weighed oftener, and 
has been found very satisfactory in that it offers excellent oppor¬ 
tunity for the systematic observation of the changes in the con¬ 
dition of the animals with the progress of the experiment. The 
detailed notations which are the result of such obs<'rvations have 
not been entered in the protocols as they are of no sp<K‘ial interest 
to the reader. To us, however, tliey were indispensable as wc 
could not always anticipate the final outcome of the experiments 
and therefore could not pass on the ultimate value of any sudden 
change in the animals^ condition. 

Solubility of the Fat-Soluble yitewnne of Carrots in Fats. 

These experiments were carried out with lard and commercial 
corn oil, both of which contain no fat-soluble vitamine. 3,000 
gm. of dried grated carrots were soaked with 500 gm. of the fat 

^ For composition of the salt mixture see Steenbock, H., and Gross, 
E. G., J. Biol. Chem.f 1919, xl, 505. 
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and allowed to stand 6 to 8 days at room temperature. They 
were then extracted with ether in the cold three successive times^ 
most of the ether was removed in vacuo, and the final traces were 
dissipated by exposure to an air current. There remained 534 
gm. of preparation in the case of the lard and 539 gm. in the case 
of the corn oil which represented extractives totaling 34 and 39 
gm. respectively. Both prepai'ations were of a deep orange color. 

The lard preparation gave little indication of fat-soluble vita- 
mine having been extracted. When fed at a 10.8 per cent level 
equivalent to 60 per cent of dried carrots none of the four rats in 
tile experimental group, although they were started at 52 to 74 
gm., attained a weight greater than 116 gm. All of them devel¬ 
oped xerophthalmia in one or both eyes after 10 to 12 weeks. It 
is probable that initially the preparation was not so deficient in 
the vitamine as the above citation of conditions would lead one 
to believe. We infer this from the fact that chemical changes 
were taking place in the preparation, for although the prepara¬ 
tion was kept as much as possible in the dark and in the refriger¬ 
ator bleaching progressed rapidly; in 5 months all the orange- 
yellow color had been lost. It ■will be recalled that in butter 
fat we have observed a destruction of the fat-soluble vitamine 
simultaneous with the destruction of the pigment by exposure to 
heat (5), a phenomenon which we have since observed under other 
conditions as well. As butter owes its color to carotin, the same 
pigment found in our lard preparation, the inference that the 
preparation may originally have contained some demonstrable 
fat-soluble vitamine is not to be considered an impossible one. 

With corn oil, considerable evidence that the fat-soluble vita¬ 
mine was extracted by it is presented in Chart 1. In Lot 640 on 
corn oil alone, all the rats died within a period of 10 weeks and 
Rats 2556, 2557, and 2558 developed undoubted cases of xeroph¬ 
thalmia. With corn oil extract of carrots, on the other hand, 
when fed at the same level equivalent to 60 per cent of carrots 
none of the rats (Lot 532) died until they had been 24 weeks on 
the experimental ration and only two, Rats 2130 and 2129, de¬ 
veloped xerophthalmia which were abortive attacks. It is true 
that on this extract the amount of growth that took place was 
negligible, but the mere fact that the animals maintained their 
body weight over a period of 24 weeks and recovered rapidly and 



134 


Fat-Soluble Yitamine, VI 


solTents made it appear highly probable that we were dealing 
with a lipoidal molecule. As the carotinoids are obtained by 
ether extraction of a saponified alcoholic extract of leafy materials 
we applied such a procedure in an attempt to secure an active 
preparation from alfalfa. In this we were entirely successful. 
Furthermore, a fractionation of this material by the methods used 
to separate carotin from xantliophyll led to securing a crude caro¬ 
tin preparation wdiich contained the fat-soluble vitamine in large 
amounts and a crude xanthophyll preparation which contained 
none or little of it. 

EXPERIMENTAL. 

For the demonstration of the presence of the fat-soluble vita- 
mine in our extracts and extraction residues, rats were used as 
the experimental animals. The extracts fed in most cases—ex¬ 
ceptions being noted in their proper places later—Avere evaporated 
on dextrin and as such incorporated in a basal ration of IS per 
cent casein, 2 per cent agar, 3 to 5 per cent ether-extracted -wheat 
embryo and 4 to 5 per cent salt .mixture/ the remaining caloric 
requirements being furnished by dextrin. The animals \vere fed 
and watered daily and were weighed once a week. This has be¬ 
come the general routine procedure of the laboratory for practi¬ 
cally all our experimental groups, some being weighed oftener, and 
has been found very satisfactory in that it offers excellent oppor¬ 
tunity for the systematic observation of the changes in the con¬ 
dition of the animals with the progress of the experiment. The 
detailed notations which are the result of such observations have 
not been entered in the protocols as they are of no special interest 
to the reader. To us, however, they \vere indispensable as we 
could not always anticipate the final outcome of the experiments 
and therefore could not pass on the ultimate value of any sudden 
change in the animals^ condition. 

Solubility of the FatSohible Vitamme of Carrots hi Fats. 

These experiments were carried out wdth lard and commercial 
corn oil, both of which contain no fat-soluble vitamine. 3,000 
gm. of dried grated carrots were soaked wdth 500 gm. of the fat 

^ For composition of the salt mixture see Steenbock, H., and Gross? 
E. G., J, Biol, Chem., 1919, xl, 505. 
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and allowed to stand 6 to 8 days at room temperature. They 
were then extracted with ether in the cold three successive timeSj 
most of the ether was removed in vacuo, and the final traces were 
dissipated by exposure to an air current. There remained 534 
gm. of preparation in the case of the lard and 539 gm. in the case 
of the corn oil which represented extractives totaling 34 and 39 
gm. respectively. Both preparations were of a deep orange color. 

The lard preparation gave little indication of fat-soluble vita- 
mine having been extracted. When fed at a 10.8 per cent level 
equivalent to 60 per cent of dried carrots none of the four rats in 
the experimental group, although they were started at 52 to 74 
gm., attained a weight greater than 116 gm. All of them devel¬ 
oped xerophthalmia in one or both eyes after 10 to 12 weeks. It 
is probable that initially the preparation was not so deficient in 
the vitamine as the above citation of conditions would lead one 
to believe. We infer this from the fact that chemical changes 
were taking place in the preparation, for although the prepara¬ 
tion was kept as much as possible in the dark and in the refriger¬ 
ator bleaching progressed rapidly; in 5 months all the orange- 
yellow color had been lost. It will be recalled that in butter 
fat we have observed a destruction of the fat-soluble vitamine 
simultaneous with the destruction of the pigment by exposure to 
heat (5), a phenomenon which we have since observed under other 
conditions as well. As butter owes its color to carotin, the same 
pigment found in our lard preparation, the inference that the 
preparation may originally have contained some demonstrable 
fat-soluble vitamine is not to be considered an impossible one. 

With corn oil, considerable evidence that the fat-soluble vita¬ 
mine was extracted by it is presented in Chart 1. In Lot 640 on 
corn oil alone, all the rats died within a period of 10 weeks and 
Rats 2556, 2557, and 2558 developed undoubted cases of xeroph¬ 
thalmia. With corn oil extract of carrots, on the other hand, 
when fed at the same level equivalent to 60 per cent of carrots 
none of the rats (Lot 532) died until they had been 24 weeks on 
the experimental ration and only two, Rats 2130 and 2129, de¬ 
veloped xerophthalnria which were abortive attacks. It is true 
that on this extract the amount of growth that took place was 
negligible, but the mere fact that the animals maintained their 
body weight over a period of 24 weeks and recovered rapidly and 
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completel}^ from incipient attacks of xerophthalmia, even though 
continued on the ration, can only be accounted for by the fact 
that some of the vitamine was present. Lot 625, fed on a ration 
containing fat-soluble vitamine added with butter fat, gives evi¬ 
dence that the presence of corn oil in a ration of itself will not pre¬ 
vent growth from taking place when all the dietary requirements 



Chart 1. 

of the animal are being met. In contrast with the lard prepara¬ 
tion, the corn oil extract bleached very slowly; after 7 months it 
was still fairly highly colored, much more so than corn oil itself. 

Extractahility of the Fat-Soluhle Vitamine from Carrots by Fat 

Solvents. 

In the preparation of these extracts 6 kilos of the grated carrots, 
first air-dried and then dried over calcium chloride, were treated 
with the respective solvents at room temperature in large perco¬ 
lators. 
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The extractions were continued for three 24 hour periods and 
■were so conducted that the first extract was used on a second por¬ 
tion of carrots and that on a third, each percolator receiving at 
least one treatment with fresh solvent. Except in the case of the 
alcohol extract the solvents were recovered by vacuum distilla¬ 
tion. With the alcohol extract, foaming on concentration proved 



so troublesome that it was found necessary to drive the alcohol 
off at room temperature with an air current. Ultimately all 
extracts were brought down on dextrin in an air current, the alco- 
hoi extract alone necessitating drying in a desiccator over calcium 
chloride as its high sugar content made it too hydroscopic for air 
drying. 
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All the extracts ^vere fed at a level of intake equivalent to 60 
per cent of carrots, and in a few cases equivalent to 120 per cent as 
well. In'addition some of the extracted carrots were incorporated 
in an otherwise fat-soluble vitamine-free ration to determine the 
extent of their extraction. 

In Chart 2, Lots 535, 601, and 647 represent graphically the 
results obtained with the alcohol extract and the extracted residue. 
As seen by the growth curves not until the extract was fed at such 
a level that the equivalent of 120 per cent of carrots was consumed 
w^as growdh satisfactory. This indicates a very poor solubility of 
the vitamine in alcohol as carrots themselves fed at a 15 per cent 
level completely cover the animals’ requirements. Further evi¬ 
dence that the carrots had not yielded any significant amounts 
of the vitamine to the alcohol is seen by the performance of the 
rats on the extracted carrots in Lot 647. They grew at an en¬ 
tirely normal rate and Eat 2586 even raised ten out of twelve 
young from twm litters and maintained herself in excellent 
condition. 

In Table I are presented data of the growth of rats on rations 
restricted in their fat-soluble vitamine content to that introduced 
with ether, benzene, chloroform, and carbon disulfide extracts of 
carrots, and the carrot residues. All the extracts w^ere fed at such 
a level that an amount equivalent to 60 per cent of carrots was 
introduced in the ration. The extracted carrots were fed at a 
15 per cent level. 

By comparison of the w’-eights of the animals receiving the ex¬ 
tracts with those receiving the residues it is seen that none of the 
extracts was entirely satisfactory, ether giving the poorest results 
and chloroform and benzene the best. It appears significant 
that, while all the extracts were originally highly colored, the 
ether extract bleached very rapidly and after a few months, though 
kept in the dark and in the refrigerator when not in use, it had 
lost all color. The other extracts retained their color fairly well 
though a year later it was observed that the carbon disulfide 
preparation when set aside in diffuse light gradually lost its color 
in the course of a few weeks. Unfortunately the other extracts 
had all been used up and were consequently no longer available 
for this comparison, but it appears rather suggestive of the chem¬ 
ical nature of the fat-soluble vitamine that here again with tho 
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destruction of the pigments there occurs a simultaneous disap¬ 
pearance of the vitamine. As in the case of the residue from the 
alcohol extraction, the ether, the benzene, and the chloroform ex¬ 
traction residues all gave little evidence of having lost large 
amounts of their vitamine. The carbon disulfide extraction 
residue was not fed. 

The Exti'actahiliiy of Fat-Soluble Vitamine frorn Alfalfa. 

With alfalfa, as with carrots, sufficient information on the fat- 
soluble vitamine content was available so that extractions could 
be carried out with a fair degree of assurance that although measur¬ 
able quantities of vitamine were present the amounts were not so 
large that differences in content would not be readily perceptible. 
However, as a precautionary measure, to insure that a sufficiency 
of vitamine was present some of the material used was fed at a 
5 per cent level in a fat-soluble, vitamine-free, but otherwise suf¬ 
ficient, ration. The alfalfa w^as a western grown sample avail¬ 
able on the market as a meal for stock feeding purposes. 

After its vitamine content was established, extractions were 
made with water, with ether, with benzene, and with alcohol, all 
extractions being conducted in the cold. 

In the water extraction 1 kilo of alfalfa was soaked in a per¬ 
colator with 6 liters of distilled water and gradually allowed to 
drain. As the water drained off more was added so that in the 
course of 2 days 8 to 10 liters of extract were accumulated. The 
alfalfa was then removed and dried before an electric fan. The 
extract was brought down on dextrin by the same means. The 
ether extract and the alcohol extract were made in a similar w^ay 
except that in the case of the alcohol most of the solvent was 
distilled off in a water bath and recovered. This portion was 
also ultimately dried in vacuo as it proved to be very sticky. All 
extractions were continued for 48 hours with frequent renewal of 
solvent. In the preparation of the benzene extract 1,200 gm. of 
alfalfa were extracted with the solvent in three percolators, the 
extract of the one being used for the extraction of the second and 
that again for the third, a total of 7 kilos of solvent being used. 
At the end of the extraction most of the solvent was removed from 
the alfalfa by a powerful plant press and the remainder volatil- 
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ized at room temperature in an air current. The extract was 
brought down to a small volume in vacuo —after the addition of 
5 gill, of calcium carbonate to neutralize the acidity—and then 
evaporated at room temperature on dextrin. 

The results of feeding these extracts and their residues are 
brought out in Table II. The residues were fed at a 5 per cent 
level—as thereby any appreciable removal of vitamine would be 
revealed—and the extracts were fed at such a level that an intake 
equivalent to either 5 or 20 per cent of alfalfa in the ration was 
obtained. 

Water, it will be noted, proved to be a very poor solvent for 
the vitamine as the rats dependent for their fat-soluble vitamine 
on a water extract of alfalfa died before 12 weeks of the experi¬ 
mental period had elapsed; moreover on the extracted residue 
they grew at a rate but slightly inferior to that observed on unex¬ 
tracted alfalfa. The slight discrepancy was no doubt occasioned 
by a partial destruction of the vitamine in the extractions as the 
early development of twm cases of xerophthalmia in the group of 
animals on the extract makes it appear very improbable that it 
contained the vitamine. 

Ether, u. s, p., freed from most of its water and alcohol over 
calcium chloride proved far more efiBcient than water in effecting a 
removal of the vitamine. On the aKalf a residue the rats were, how¬ 
ever, still able to grow for a considerable time, but by the 20th week 
one rat had died and one had developed xerophthalmia. The 
extract fed at a level equivalent to 20 per cent of alfalfa proved 
fairly satisfactory. 

Benzene gives indications of being a good solvent in view of the 
fact that the rats were able to grow well and even rear a few 
young on the extract fed at a level equivalent to 5 per cent of 
alfalfa. The residue also supported growth for some time, but 
when the experiment was discontinued the animals by the poor 
nutritive state of their skins and their decline in body weight 
gave evidence of an insufficiency of vitamine in their intake. 

Alcohol, even when used in the cold, and without special pre¬ 
cautions such as were used with benzene, appears to be an ex¬ 
cellent solvent. This statement must be qualified as the extract 
was fed at a high level and therefore we have no assurance that 
smaller amounts would have been equally efficacious. This 
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would iiaturaib" follow if we were certain that no destruction of 
the vitamine had occurred in the process of extraction as the ex¬ 
traction residues were found so inactive. We are inclined to 
believe that the alcohol extract contained a large excess of the 
vitamine and therefore that very little destruction had occurred, 
a.s a similar extraction carried out with hot alcohol when distinc¬ 
tive processes w^ould be accelerated gave us responses in growth 
of entirely equal magnitude. 

Extmctability of Fat-Soluble Vitamine From Maize. 

Our observations on maize are limited to extraction with ether 
and alcohol. The data are to be considered as merely supple¬ 
mentary to those obtained with alfalfa, for wdiile yellow maize 
contains considerable quantities of the fat-soluble vitamine it is 
questionable that we will ever use it for extensive preparations, 
as at the most its content of vitamine is onl}^ about one-seven¬ 
teenth of that of alfalfa. In this work we used part of the same 
lot of Golden Glow maize of which the vitamine content was 
already known (4). 

The ether extraction was carried out in a large Soxhiet ex¬ 
tractor with ij.s.p. ether freed from alcohol and water by cal¬ 
cium chloride. For the first 4 weeks the growth of the animals 
on the ether-extracted residue w^as so phenomenal, Chart 3, 
Lot 635, that it was decided to increase the extraction time— 
which had been 6 hours—to 18 hours. Even when fed on this 
more highly extracted maize, the rats continued to grow rapidly 
and maintained an excellent appearance. The feeding trials 
gave no evidence that any of the fat-soluble vitamine had been 
removed. The ether extract w^as not fed. 

Our results with alcohol were of an entirely different order as 
alcohol proved to be an excellent solvent. At first we extracted 
the maize with cold alcohol using the completeness of removal of 
yellow pigment as the criterion for the progress of extraction of 
the fat-soluble vitamine. Cold alcohol extraction proved too 
time consuming so that later extractions were made at first with 
hot alcohol on the coarsely ground material in large Soxhlets 
and then followed by a cold alcohol extraction on the maize 
reground to a fine meal. It had been found that the hot alcohol 
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extraction could not be carried out on the finely ground maize 
as it invariably packed in the extractor to an impermeable mass. 
By the above mentioned course of procedure completeness of 
extraction was readily obtained, but we w^ere not certain but 
that some destruction of the vit amine might have been brought 
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concentrated on the water bath, with recovery of the solvent^ 
and finally were evaporated on dextrin for introduction into the 
rations. 

The maize residues from the first cold alcohol extractions were 
fed to Lot 658, Chart 3. They were practically free from pig¬ 
ment, but here and there traces of yellow pigment were still dis- 
cernable in some of the larger flint particles. As seen in the 
chart, even when these residues "were suitably supplemented with 
protein and salts they did not cover the requirements of the 
animals as their growth was of but short duration. It was a 
bare possibility that the failure of growth to take place was 
partly due to a deficiency of water-soluble vitamine in the ration 
though earlier experiments of the laboratoiy had shown that the 
■water-soluble vitamine is extracted from maize b}^ alcohol with 
great difficulty. To eliminate this criticism the ration after 10 
’weeks was further supplemented with ether-extracted wheat 
embryo and as noted in the chart no improvement in the per¬ 
formance of the animals resulted. Rats 2628, 2629, and 2631 
later developed xerophthalmia so that no reasonable doul^t as 
to the deficiency of the ration in its fat-soluble vitamine content 
can be entertained. 

In correlation with the above, and furthermore as evidence of 
the stability of the fat-soluble vitamine in the alcoholic extract, 
we have the entirely satisfactory growth of the animals in Lot 
657, Chart 3, These rats received the alcoholic extract of 
maize equivalent to 175 per cent of the grain and therefore but 
little more than twice the amount of vitamine required by the 
animals as measured l^y the original content of maize equivalent. 
The excellent growth performance of the animals, together with 
the fact that Rat 2627 even raised two out of her litter of eight 
young, bears testimony to the fact that the fat-soluble vitamine 
is readil}^ extracted from maize by alcohol and, furthermore, 
that it is fairly stable under these conditions. 

Fradmiation of Fat-Soluble Vitarnine Extracts, 

The extractability of the fat-soluble vitamine having been 
demonstrated, we next attempted to formulate a procedure which 
might give promise of separating the vitamine from contaminat- 
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ing substances in tlie extracts. From its occurrence in nature, it 
appeared plausible that methods designed for the isolation of 
pigments of the carotinoid type, such as carotin and xanthophyll, 
might possibl}^ give a preparation rich in this dietary essential. 

From the sum total of our experience on the extractability of 
the vitamine, benzene and alcohol appeared to be the most prom¬ 
ising solvents and of these alcohol was selected because it is usu¬ 
ally obtainable free from undesirable impurities and furthermore 
is readily removable from the extractives. As is well known, 
one of the methods employed in the separation of the carotinoids 
is the saponification of the pigment extracts which leaves them, 
together with other non-saponifiable substances, intact. Later 
these are then extracted from the saponified mixture with ether 
and subsequently crystallized from large volumes of solvent to 
the desired degree of purity. On these general experimental 
premises a number of preparations were made, but it has not yet 
been considered advisable to attempt fractionations by crystal¬ 
lization at least until more data on the stability of the fat-soluble 
vitamine are available. 

In the first preparation the procedure was as follows: 3 kilos 
of alfalfa meal were extracted with cold alcohol in large percola¬ 
tors in the course of a few days. In these extractions the alfalfa 
was soaked with the alcohol and enough additional solvent poured 
on so that the material was well covered. After 24 hours extrac¬ 
tion the percolator was drained, again filled up with solvent, ex¬ 
tracted for 24 hours, and again drained. This was repeated once 
more and then, after washing the residue with a little additional 
alcohol, all extracts were united and distilled in a water bath 
down to a volume of about 2 liters. The concentrated extract 
obtained was of a dark green color, due to the large amount of 
chlorophyll extracted. For the saponification 225 cc. of 20 per 
cent alcoholic potassium were added and allowed to stand over 
night. This failed to complete the saponification so that it was 
found necessary to add 50 cc. and later another 25 cc. of the 
potash solution. This completed the saponification and the for¬ 
mation of the ether-insoluble potassium chlorophyllin in an 
additional 6 hours. The mixture was extracted repeatedly with 
ether till practically all yellow pigments had been removed, the 
ether solution then washed with water to remove alkali and salts, 



H. Steenbock and P. W. Boutwell 


149 


and this in turn washed with ether. All ether extracts were then 
united, evaporated on the water bath to a small volume, and then 
again washed with a small amount of water. The solution thus 
obtained w^as of an orange-red color slightly tinged with brown 
but free from all green by reflected light. It was brought down 
on dextrin before an air blast for incorporation in a basal fat- 



soluble vitamine-free ration. The results of feeding this extract 
are showm graphically by Lot 668 in Chart 4. When the ex¬ 
periment was discontinued after having gone 22 weeks all the rats 
were in a fairly good condition. The evidence was indisputable; 
the vitamine had resisted the treatment to which it was sub¬ 
jected and finally had been successfully concentrated in ether 
solution. 
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Oiir next step was directed to determine whether the extract 
of the saponified alcohol extract of alfalfa could be successfully 
fractionated into an active and inactive fraction by a method such 
as has been used for the separation of the carotin and xaiitho- 
phyll pigments. For this purpose 3 kilos of alfalfa meal were 
extracted as before with cold alcohoh the concentrated extracts 
w^ere saponified with alcoholic potash, and then extracted with 
ether. Instead of evaporation on dextrin the ether extracts w’-ere 
freed from ether by exposure to an air blast. In the fractionation, 
the dark red residue wms taken up in a mixture of alcohol and 
petroleum ether, transferred to a separatory funnel, and wmter 
added in small portions until the solution separated into twm W'Cll 
defined layers—a low’er one of diluted alcohol and an upper one 
of petroleum ether—both carrying considerable pigment. The 
respective layers w^ere separated and reextracted—the alcohol 
fraction with petroleum ether and the petroleum ether with 
alcohol diluted with just enough winter to bring about separation. 
Ultimately all alcohol solutions W'cre united and all petroleum 
ether solutions w-ere likewise united giving respectively the 
xanthophyll and carotin fractions. Each w^as evaporated on 
dextrin in an air blast and incorporated as the sole source of fat- 
soluble vitamine in an otherwise complete ration. The results 
from two such experimental groups are shown in Chart 4, Lots 
669 and 670. They leave no doubt but wiiat the carotin fraction 
contained an abundance of the vitamine wiiile the xanthophyll 
fraction contained little or none of it. At the end of 17 weeks, 
wiien the feeding trials w’'ere discontinued, all the rats on the 
carotin preparation w^ere in good condition, while all those on the 
xanthophyll fraction w^ere dead, three having died before the end 
of the 10th w^eek and one of these while suffering from a severe 
attack of xerophthalmia. The efficiency of this method of 
fractionation has been repeatedly demonstrated not only by 
different feeding trials, but also on different preparations. The 
presentation of these results together with detailed studies on 
stability, etc, will be reserved for later publications. 
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DISCUSSION. 

Ill the light of the experimental data presented, there is abun- 
dant reason for assuming that attempts at isolation of the fat- 
soluble vitamine based on its solubility in fat solvents appear 
promising. As already stated, the difficulties of demonstrating 
its extract ability were not so great as we had surmised when wu 
were unaware of its stabilit}?' under certain conditions and its 
lability under others. Furthermore -we failed to anticipate the 
great variation with different substances in the ease with which 
the fat-soluble vitamine is yielded to certain fat solvents. It w^as 
no doubt the same premises that made McCollum and Simmonds 
(8) make the statement when speaking of the fat-soluble vita¬ 
mine: ^^It is not extracted from plants with the fats by such 
solvents as ether, chloroform, benzene, or acetone, and is therefore 
not found in any fats or oils of plant origin. Hot alcohol does 
remove it from plant tissues.^’ The reference to its solubility 
in alcohol is based on data obtained with the maize kernel which 
in themselves are not acceptable as McCollum, Simmonds, and 
Pitz (9) were of the opinion that maize generally was very 
deficient in the fat-soluble vitamine. Considering the evidence 
presented in a previous paper from this laboratory (4) such in¬ 
creased increments of growth as McCollum reported, due to the 
addition of an alcohol extract of maize to a basal maize ration, 
are entirely possible on the basal maize ration itself. Osborne 
and jMendel (10) also dissent from McCollum’s point of view in 
regard to the non-extractability of the fat-soluble vitamine from 
leafy materials as the}^ succeeded in obtaining a very potent oil 
from spinach and clover with u.s.p, ether. While our results 
with ether were not very successful we obtained abundant and 
unequivocal evidence that the fat-soluble vitamine can be ex¬ 
tracted from plant materials with little loss of physiological po¬ 
tency with ether and with benzene, solvents which McCollum 
stated as being ineffective. 


SUMMARY. 

When carrots are saturated with lard or corn oil and then 
extracted with ether none or little of the fat-soluble vitamine is 
removed. The lard preparation gave no evidence of containing 
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the vitamine, but the corn oil preparation contained it in small 
but persistent amounts. 

Ether has little solvent properties for the fat-soluble vitamine 
as found in carrots; chloroform and carbon disulfide remove some 
of it; while alcohol and benzene remove considerable amounts of 
it. None is enthely satisfactory for extraction purposes. 

Fat solvents applied to alfalfa gave far more satisfactory re¬ 
sults. Even on an ether extract one rat increased in weight 200 
gni. during an experimental period of 16 weeks. Benzene and 
especially alcohol were found good solvents. Water was entirely 
ineffective. 

While the vitamine is not extracted from maize by ether, 
alcohol removes it quantitatively and with little, if any, 
destruction. 

The fat-soluble vitamine as extracted from alfalfa with alcohol 
resists saponification with alcoholic potash in the cold. From 
such a solution on dilution with water it can be extracted with 
ether. On fractionation by differential solubility there can be 
obtained a petroleum ether-soluble portion also containing caro¬ 
tin and a dilute alcohol-soluble portion which contains xantho- 
phyll; the former contains the fat-soluble vitamine in large 
amounts, the latter little or none of it. 
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A STUDY ON THE SEPARATION OF THE PHYSIOLOGY 

CALLY ACTIVE PORTION OF THE POSTERIOR LOBE 

OF THE PITUITARY BODY. 

By FREDERIC FENGER and MARY HULL. 

(From the Research Laboratory in Organotherapeutics, Armour and Company. 

Chicago.) 

(Received for publication, March 1, 1920.) 

We are dealing in this paper with the uterus-contracting phase 
of the problem only. The basic material employed was a desic¬ 
cated water extract, made by macerating and boiling finely minced 
posterior lobes with sufficient distilled water containing 0.25 per 
cent of glacial acetic acid to make the final volume represent 
10 per cent of the fresh gland. On desiccation the liquid yielded 
about 0.7 per cent of total solids in the form of light yellowish 
hygroscopic scales. Several batches were thus made and com¬ 
bined into a uniform sample which represented the glands from 
5,000 cattle. The chemical analysis of this extract did not I'eveal 
any striking peculiarities. The ash was mostly water-soluble, of 
alkaline reaction, and yielded CO 2 on addition of acid. 

Ether, chloroform, petroleimi ether, and methyl alcohol were 
ruled out as solvents for the active principle since the first three 
did not yield therapeutically active preparations and methyl 
alcohol extracted more impurities and less of the active principle 
than did ethyl alcohol. It was definitely established that the 
physiologically active portion was practically insoluble in abso¬ 
lute ethyl alcohol, very sparingly soluble in cold 95 per cent alcohol, 
but quite freely extracted with boiling 95 per cent alcohol. 

10 gm. portions of the dried water extract, powdered over a 
100 mesh sieve were extracted ten times with 50 cc. portions of 
95 per cent ethyl alcohol at 20'^C., and then eight times with equal 
volumes of boiling alcohol. 

The combined cold alcohol extracts were evaporated until 
crystals appeared. After complete crystallization they were 
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filteredj washed with alcohol and ether, and found to constitute 
3 per cent of the dried basic water extract. On recrystallizatioii 
from water and analysis they were found to consist of approxi¬ 
mately 67 per cent potassium chloride and 33 per cent sodium 
chloride. If the crystals are not separated at this stage they will 
appear in the dried residue and are then removed with difficulty. 
During the earliest experimentation where only small amounts 
of extract were available, these crystals escaped detection 
until the alcoholic extracts -were evaporated to paste • con¬ 
sistency. They could then readily be observed with the naked 
eye. The microscope revealed beautiful large cubes and fern 
leaf formations embedded in the yellow paste. The remaining 
.alcohol extract, after removal from the ciystals, was evaporated 
to dryness, a small portion at 50°C. and the balance at about 70°C. 
The total yield was 23.4 per cent of the dried basic material. 
The extracts were yellowish brown in color, exceedingly hygro¬ 
scopic, and possessed a characteristic pungent odor. Analysis 
showed this fraction to be rich in w’-ater-soluble mineral matter 
and organic extractives of a non-protein nature. 

The hot alcohol extracts filtered clear when boiling hot, but 
yielded a white amorphous fraction on the slightest cooling, while 
the active substance remained in solution throughout. If the 
active principle were sparingly soluble in cold and freely soluble 
in hot alcohol, it would naturally be precipitated with the inert 
material on cooling, ]}ut such is not the case. We are apparently 
here confronted wdth some form of hydrolysis whereby a protein 
complex is split by alcohol. The amorphous precipitate amounted 
to only 1.2 per cent of the dried basic material and was too small 
for quantitative analysis. It was of a protein nature, soluble in 
water, and physiologically inert. The filtrate from this amorphous 
fraction was evaporated to dryness, one part below 50°C., and 
another at about 70°C. The total yield was 14.6 per cent of the 
dried basic material. This preparation was yellowish in color, 
very hygroscopic, and readily soluble in water. It contained a 
large amount of organic and inorganic salts and the total nitrogen 
was higher than that of the cold alcohol fraction, but not equal 
to that of the basic water extract. 

The alcohol-insoluble residue was dried, and averaged 57.8 
per cent of the dried basic material. It formed a cream-colored 
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powder, much less hygroscopic than the alcohol extracts, and 
only partly soluble in water. The ash consisted principally of 
water-insoluble phosphates. The total sum of moisture, ash, 
and N X 6.25 approaches 100 per cent, indicating that this fraction 
is principallj" protein. 

The physiological activity of all preparations was determined 
by the isolated uterine strip method. Samples of the original 
water extract before desiccation w^ere ampuled, sterilized, and 
used as control. It will be seen from Table I that while the 
activity of the water extract was not affected by desiccation 
at 50~70°C. that of the alcohol extracts was markedly changed. 
The hot alcohol extract, which was dried below 50°C., was about 
3.5 times stronger than the control, wdiile the one dried at 70°C. 
w^as onl}” 1.5 times as strong, plainly indicating the extraordinaiy 
sensitiveness of the active substance in this form to heat during 
drying. An independent experiment brought to light the fact 
that prolonged boiling of the dried Avater extract with alcohol, 
under reflux condenser, and evaporation of the extract at 100°C. 
rendered the preparation inert. We also found that while the hot 
alcohol extracts w^ere exceedingly sensitive to heat on drying 
they retained their activity quite w^ell in water solution and could 
be autoclaved without material loss in physiological value. The 
cold alcohol extract W'as only one-seventh and the alcohol-insol¬ 
uble residue about one-fifth the strength of the control. The 
distribution of the physiological activity in the various fractions 
is as follow^s: 


per cent 

Cold alcohol extract. 3.5 

Hot “ 51.0 

Alcohol-extracted residue. 11.5 

Loss in process (by difference). 34.0 


Most, if not all, of the loss in physiological activity in our 
present method of separating the active portion evidently occurred 
during the desiccation process of the hot alcohol fraction. 

Table I show^s that the hot alcohol extract, the most active 
physiologically, responded only slightly to the biuret test and to 
protein and alkaloidal precipitants. Experiments were carried 
out wdth uranium acetate, phosphotungstic acid, and tannic acid 
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on freshly prepared acidulated water extracts of the gland. The 
resulting filtrates and precipitates were freed from respective 
reagents in the appropriate manner. In each case the prepara¬ 
tions from both filtrate and precipitate possessed sufficient 
uterus-contracting power to render this method of separating 
the physiologically active portion of the gland incomplete. This 
.condition further indicates split products. When picric acid in 
alcohol was added to a water extract of the fresh gland a precipi¬ 
tate, partly flocculent and partty crystalline, was formed on 
standing. The crystals w^ere found to be identical with the inert 
salts described above. 


SUMMARY. 

Evidence is furnished which indicates that the uterus-con¬ 
tracting active principle of the posterior lobe of the pituitary 
body does not occur in the fresh gland in free or crystalline form, 
but is linked to or part of some protein complex. 

In its original protein association the uterine stimulus is insol¬ 
uble in ether, petroleum ether, chloroform, and practically in¬ 
soluble in absolute alcohol. It is sparingly soluble in 95 per cent 
alcohol, but yields a highly active split product when treated with 
hot 95 per cent alcohol. The split product is amorphous in na¬ 
ture, very hygroscopic, and much more sensitive to desiccation 
than the original basic material from which it was derived. 

The crystalline bodies naturally occurring in and isolated from 
the posterior lobe are inorganic salts possessing no uterus-con¬ 
tracting power. 

Alkaloidal reagents only incompletely precipitate the active 
fraction of the water extract of the gland. 

The work is being continued. 



EXPERIMENTS ON THE UTILIZATION OF SALEP 

MANNAN, 


By MARY SWARTZ ROSE. 

With the Cooperation of Louise AIcDanell Brot^^ne, Lucy CtIllett^ 
Elizabeth Rothermel, and Helen Coombs. 

{From the Department of Nutrition, Teachers College, Colurnhia University, 

New Yo7'1v.) 

(Received for publication, Alarch 23, 1920.) 

In 1911 the author^ reviewed the literature on the utilization 
of various polysaccharides from plant sources and reported some 
experiments on the utilization of mannan derived from the tubers 
of Orchis and Eiilophia, popularly known as salep. It was then 
shown that this anhydride of mannose, common in the dietary 
of certain peoples in eastern Europe, was not hydrolyzable by 
enzymes of saliva, malt diastase, and pancreatic and intestinal 
juice, but that in feeding experiments it disappeared almost com¬ 
pletely from the alimentary tract in man, the coefficients of di¬ 
gestibility in four experiments on two subjects being in three 
cases 100 per cent and in the fourth 94 per cent. Digestion of 
salep mannan with fecal bacteria resulted in the production of 
appreciable amounts of sugar, as has since been shown by Oke}^ 
to be the case with inulin. 

There has never been any convincing evidence that carbohy¬ 
drates resistant to the normal action of body enzymes can play 
a significant role in human nutrition, though attempts have been 
made to demonstrate a rise in the respiratory quotient after their 
administration, both in the case of inulin and of agar-agarA 
The respiratory ciuotient after administration of 200 gni. of 

^ Swartz, M. D., Trans. Connecticut Acad. Arts and Sc., 1911, xvi, 247. 

2 Okey, R., J. Biol. Chem., 1919, xxxix, 149. 

3 Goudberg, A., Z. exp. Path. u. Therap., 1913, xiii, 310. 

^ Lohrisch, H., Z. exp. Path. u. Therap,, 1908-09, v, 478. 
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iniilin reached a maximum of only 0.89 in the 3rd hour after 
ingestion as compared with a rise to 0.92 in 2| hours after feeding 
150 gill, of oatmeal; and the quotient for soluble agar (100 to 
110 gill.) reached a maximum of 0.86 in the 4th hour, the values 
in the preceding and succeeding hours being little if any above 
the fasting level. It does not seem therefore that sugar pro¬ 
duced hx fecal bacteria from such carbohydrates as inuliii is 
available in any considerable amount for the host. Neverthe¬ 
less, it appeared worth while to test this point in regard to salep 
mannan as it had been tested for inulin. The experiments herein 
reported were carried out before 1915, when the}^ were inter¬ 
rupted because the supply of salep was cut off by the war. 

EXPERIMENTAL. 

Coefficie72t of Digestibility, 

In the course of this work determinations of the coefficient of 
digestibility were made on several more subjects, with larger 
quantities of material than had been hitherto used. Two healthy 
young women, each weighing 70 kilos, consumed in 3 days a total 
of 75 gm. of salep mannan as a part of a simple cellulose-free 
ration. The experimental period was preceded and followed by 
4 day periods in which the same diet was used, save that tapioca 
took the place of salep. The mannan was extracted from the 
tubers with water; the starch present digested off'; the mannan 
precipitated by alcohol, so as to remove the sugar from the starch 
digestion; dissolved and reprecipitated; washed with ether, and 
dried. It was then in the form of a convenient white powder, 
dissolving readily in water. On account of its gelatinizing 
quality, the ingestion of any considerable amount was difficult, 
and led to the use of the dry powder in capsules in subsequent 
human feeding experiments. The glucose equivalent of the salep 
eaten was 61 gm., and the total excess of carbohydrate in feces 
during the salep period as compared with the fore and after 
periods was 1.7 gm. (Subject M) and 2.8 gm. (Subject H) reck¬ 
oned as glucose, giving coefficients of digestibility for the mannan 
of 97 per cent and 95 per cent respectivelj^ (Table I). 
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TABLE I. 


Determination of Coefficients of Digestibility, 



Subject 

M. 

Subject 

H. 

Total carbohydrate intake per day. 

gm. 

315 

gm. 

315 

0.50 

Carbohydrate in feces per day, fore period.. 

0.53 

“ “ “ * “ after “ . 

0.56 

0 47 

Average output per day, fore and after period. 

0.55 

0.47 

salep period. 

1.09 

1.42 

excess, salep period over fore and after periods. 
Total excess, salep period (3 days). 

0.55 

1.65 

0.94 

2.81 

Dextrose equivalent to salep eaten. 

61.15 

61.15 


Coefficient of digestibility for total carbohydrate, salep 
period, per cent . 

99.6 

99.5 

Coefficient of digestibility of salep mannan, per cent . 

97.3 

95.4 


TABLE 11. 

■Summary of Coefficients of Digestibility of Salop Ma7ina7i in Human Feeding 

Expermients, 


Subject. 

Weight. 

Length of 
salep period. 

Salep fed 
per day. 

! 

Glucose 
equivalent 
of salep fed. 

Coefficient 
of digesti¬ 
bility. 


kg. 

days 

gm. 

gm. 

per cent 

Z (Woman). 

52 

2 

30t 

22.7 

100 

X “ . 

42 

2 

30t 

22.7 

94 

Z “ 

52 

2 

20 

18.0 

; 100 

p a ^ 

56 

2 

20 

18.0 

100 

M . 

70 

3 

25 

20.5 

97 

H . 

70 

3 

25 

20.5 

95 

E (Man). 


1 

45 

20.5 

97 

B (Boy). 

33 

3 

56 

51.8 

96 

Average. 

97 




Swartz/ pp, 354, 355. 

t Salep powder corresponding to 22.7 gm. of glucose. 


In another case a diabetic man under supervision in a hospital 
was given in a single day 45 gm. of salep mannan in capsules, the 
diet otherwise being only broth, black coffee, and 2 ounces of 
whiskey. The feces were marked for the day by carmine and a 
dose of 1 ounce of magnesium sulfate was given with the morning 
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broth. There was no inconvenience from gas formation as with 
iniiliii, and only 2.7 per cent of the carbohydrate fed was re¬ 
covered in the feces, making the coefficient of digestibility in tiiis^ 
case 97 per cent. 

Ill a third case a 15 year old diabetic boy weighing 33 kilos 
served as subject in a series of experiments to determine the fate 
of salep in the diabetic organism. As a part of this work a 3 day 
digestion experiment was conducted, with a cellulose-free Imsal 
ration, to which was added salep mannan to the amount of 33, 
65, and 70 gm. on 3 successive days. There was no discomfort, 
even from the 70 gm,, and the coefficient of digestibility^ for the 
period was 96 per cent. 

Altogether, the average of eight experiments on seven human 
subjects is 97 per cent, the range being from 94 to 100 per cent 
(Table II). 

Influence on Nitrogen Oiitpiit. 

In the experiment on the two young women cited above, a 
careful study of the nitrogen balance was made. It was hoped 
in the beginning that any failure to utilize the salep might be 


TABLE III. 



Period No. 

Time. 

Nitrogen in feces 
per day. 

Weight of air-dry 
feces per day. 



days 

am. 

gm. 

Subject M. 

1 

4 

0.64 

14 


2 1 

3 

1.00 

21 


3 1 

4 

0.65. 

15 

Subject H. 

1 

4 

0.59 

13 


2 i 

3 

1.44 

27 


3 

4 

0.64 

14 


detected by a change in the nitrogen output if the diets were 
planned just barely to meet the energy requirement, and a food 
known to be readity digested—tapioca—was used in the fore and 
after periods, but replaced by an equivalent amount of salep in 
the mid period. The amount of salep which the subjects found 
it possible to take was not sufficient, however, to exert any marked 
influence. Hence the most striking result of the study of the nitro¬ 
gen balance was the increase in the fecal nitrogen during the salep 
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period, amounting to 54 per cent in one case and 135 per cent in 
the other. There was also an increase in the volume of the dry 
feces, amounting to 46 per cent in one case and 105 per cent in 
the other. The amount of nitrogen and w^'eight of air“dry feces 
per day are shown in Table III. 

There was a slight fall in the urinary nitrogen in the salep 
period, but there were increases of 16 and 17 per cent respectively 
in the after period. This was probably due to a decided decrease 
in the urine volume during the salep period, and a subsequent 
flushing out,^^ the salep being very hygroscopic. 

Fate in the Diabetic Organism: 

Several attempts were made to discover whether salep could 
be converted into sugar in the diabetic organism. In the case 
of the diabetic man cited above, there was no sugar in the urine 
on the day of salep feeding, although the subject had been ex¬ 
creting sugar whenever carbohydrate was fed in ordinary forms. 
This same man on a previous day had received 10 gm. of salep with¬ 
out the appearance of sugar. The 15 year old diabetic boy was 
under observation for some months, the plan being to give salep 
in periods alternating wdth a salep-free but controlled diet, and 
to study the output of sugar, ammonia, and jS-hydroxybutyric 
acid in the urine. The patient was not in a hospital and it w^as 
found toward the close of the work that he had not alwa^^s fol¬ 
lowed instructions, even though his diet was administered in the 
laboratory. The most that can be said, therefore, wdth regard 
to sugar, was that there was no marked increase in any of the 
salep periods. In one of the best controlled periods lasting 
5 days, salep was given averaging 56 gm. per day, but did not 
stop the production of /3-hydroxybutyric acid which rose from 
3.4 gm. on the day preceding the salep feeding to 15 gm. by the 
2nd day, continuing about the same the 3rd day, and being 
promptly reduced by sodium bicarbonate administered in con¬ 
nection with green diet containing no salep on the 4th day. 
Both acetoacetic acid and ammonia showed slight increases 
during this period. While this work needs to be repeated if it is 
possible to get supplies of salep again, there was no evidence of 
salep being converted into sugar in the diabetic organism. 
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Utilization of Salop Maniiaii ^ 


Glycogen Formation in Rabbits. 

It was tiiougiit that in an herbivorous animal like the rabbit 
glycogen storage might possibly be demonstrated for this car¬ 
bohydrate in the absence of specific body enzmes for its hydrolysis^ 
through the activities of sugar-producing bacteria, as mannose 
has been shown to form glycogen readily.^ Accordingly a 


TABLE IV. 

Glycogen Storage in Rabbits. 


Subject. 

Initial 

weight. 

Time 

fasted. 

Time 

fed. 

Material fed. 

Amount 

fed 

per day. 

Weight 

of 

liver. 

Glyco¬ 

gen 

recov¬ 

ered. 

Ratio of 
glycogen 
recov¬ 
ered to 
weight of 
liver. 


gm. 

days 

days 


gm. 

gm. 

mg. 

per cent 

KCoii- 









trol) 

1,275 

6 • 

i 



18 

35 

0.20 

II « 

1,522 

! 

1 

1 1 

^Starch. ' 

10 

32 

209 

0.65 




[Lactose. 

5 




IIP 

1,262 

0 

; 1 

Salep. 

30 

i 28 

1 35 

0.13 

IV 

1,495 

(5 

1 

1 

15 

I 22 

i ^ 

0.02 

Vt 

1,700 

5 

3 

a 

12.5 

1 29 

22 

0.08 

YIX 

1,418 

5 

3 

1 

a 

20 

1 28 

16 

0.06 


* The contents of the stomach and intestines were collected and hydro¬ 
lyzed, and carbohydrate %yas determined as glucose. 7 gm. were obtained 
from the large intestine, 1.5 from the small, and 1.5 from the stomach, 
or a total of 10 gm. That this sugar was largely, if not wholly, mannose 
was sliowm from a rich yield of mannose hydrazones in the hydrolyzed 
solution. 

t Stomach and intestines yielded 5.9 gm. of glucose. 

t In this case the fermentation was very marked. The contents of 
stomach and intestines were removed and 4.8 gm. of the inannan isolated 
and identified. 

niuiiber of experiments were conducted to test this point. The 
animals were fasted from 5 to 6 da^^s and then fed salep maiinaii 
in solution by means of a stomach sound, for from 1 to 3 days. 
The}" were killed 12 to 15 hours after the last feeding and the 
livers immediately removed and analyzed for glycogen, according 
to Pfltiger’s method.® Control rabbits were fed by the same 

^ Neuberg, C., and Mayer, P., Z. physiol. Chem., 1902-03, xxxvii, 530. 

®Pfiuger, E. F. W., Das Olykogen und seine Bezieliungen zur Zucker- 
krankheit, Bonn, 1005. 
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method eciiiivaient amounts of soluble starch alone, or of soluble 
starch and lactose together, the former proving preferable as the 
lactose induced diarrhea. The results of these experiments are 
summarized in Table IV. Two of the controls suffered accidents, 
but inasmuch as the storage of glycogen in the rabbit has been 
extensively studied, and the results with the salep are so definite 
as compared not only with the controls given in the table but 
with other work of this sort, it is felt that this loss was not 
serious. The rabbit fed only 15 gm. of the starch-lactose mix¬ 
ture showed a storage of 209 mg. of glycogen, while the storage 
in the salep rabbits resembles that of the fasted control, and 
in fact never reaches so high a percentage of the total weight of 
the liver. The four cases of salep administration gave practically 
starvation values. This is in sharp contrast to the results of 
feeding mannose as reported by Neuberg and Mayer ® who found 
that from 8 to 10 gm. of mannose similarly administered yielded 
such values as 0.973, 0.606, and 1.01 gm. of glycogen. Salep 
seems to be even less capable of glycogen formation in the rabbit 
than is inulin.” 


SUMMAllY. 

Salep mannan disappears almost completely from the human 
alimentary tract when fed in amounts varying from 20 to 56 gm. 
per day (corresponding to 18 to 52 gm. of glucose), as shown in 
eight feeding experiments in which the coefficients of digestilfility 
range from 94 to 100 per cent, averaging 97 per cent. Four of 
these are reported in this paper. 

The total nitrogen of the feces and the total volume of dry 
feces are increased by salep feeding. 

Salep feeding did not result in glycosuria in one diabetic studied, 
nor did it arrest the production of /3-hydroxybut3aic acid in 
another. 

Although rabbits readily" store glycogen wdien mannose is fed, 
the administration of salep mannan resulted in no gl^^cogen in 
rabbit livers above ordinary starvation values. 

" Nakaseko, R., Am> J. Physiol,, 1900-01, iv, 246. 
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Utilization of Salep Maiiiian 


Salep resembles imilin in the hydrotysis hy fecal bacteria,, and 
in the readiness with which it disappears from the alimeiitaiy 
tractj but it does not form gas so readily. There was no evidence 
of gas or diarrhea except in one rabbit. It is less capable of 
glycogen formation in the rabbit than is iniilin. 



AT WHAT LEVEL DO THE PROTEINS OF MILK BECOME 
EFFECTIVE SUPPLEMENTS TO THE PROTEINS OF 
A CEREAL GRAIN?^ 

By E. B. HART and H. STEENBOCK. 

With the Cooperation of F. Letcher. 

{From the Laboratory of Agricultural Cheuiistry, University of Wisconsi'U, 

Madison.) 

(Received for publication, March 27, 1920.) 

Definite information on the quantity of milk proteins necessary 
to supplement with maximum efficiency for growth the proteins 
of a cereal grain is not available. The question is a decidedly 
practical one. Advice as to how’* much milk to be used daily per 
individual in the human dietary is now freely given —with recom¬ 
mendations varying from 1 pint to 1 quart—but on what scientific 
evidence such advice rests is not apparent. Experiments with 
growing swine on the proportion of skim milk necessary to supple¬ 
ment corn-meal (maize) have been conducted by Hemy.^ His 
results indicated that with one to three parts of skim milk to one 
part of corn-meal satisfactory grow'th could be made. These 
experiments were never longer than 10 weeks. 

Manifestly the quantity of liquid whole milk to use as a source 
of vitamines or salts needed for normal growth will depend on 
the nature of the rest of the dietary. It is apparent, therefore, 
that a quantitative expression of the amount of milk needed daily 
may have little significance as far as vitamines and salts are con¬ 
cerned . This applies particularly to the mixed dietary of children. 
The situation may receive safer treatment if more importance is 
attached to the value of the proteins of milk and the basis for 
milk intake related to their supplementing povrer. Of course, 

* Published with the permission of the Director of the Wisconsin Agri¬ 
cultural Experiment” Station. 

1 Henry, W. A., Rep. Wisco7ism Exp. Station, 1895, 7. 
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it is true that there occur composite diets of plant origin, 
whose protein mixture may ])e of fair efficiency at Ioay planes of 
intake; further, it is also possible for meat proteins to supplement 
effectively the plant proteins, thereby lessening the cjuantity of 
milk needed 'where meat is part of the diet; but as far as we are 
aware there is no mixture of proteins—with the possible exception 
of egg proteins —when used either alone or as a supplement to 
the cereal grain proteins—that is equal in efficiency at as low a 
level as that of milk, which gives to the latter a unique place 
among foods. 

There are two methods of experimental inquiry open for investi¬ 
gating this question. One is to measure over comparatively 
short periods of time the nitrogen retention of a growing animal 
on a protein mixture made from a cereal grain and milk; the other 
is to determine the rates of growth over longer periods of time of 
animals fed rations with varying proportions of cereal and milk 
proteins. We have used both methods; the first with growing 
swdne and the latter with growing rats. The results of the experi¬ 
ments with the latter will be embodied in a later publication. 

In our work on nitrogen retention with growing swine the 
method of procedure has already been described.^ We chose to 
keep the cereal proteins used constant and allow the proportion 
of milk proteins to vary. With increasing levels of milk protein 
intake this procedure modified slightly the total plane of protein 
intake. In the several rations used the level of protein ingested 
varied from 8.6 to 10.9 per cent of the ration. The effect on 
the final conclusions would be to give slightly higher values of 
efficiency to the lower planes of protein intake. This affected in 
no 'way the interpretation of the data which can be seen in Chart 
1. In this chart, for purposes of clarity, the corn intake is indi¬ 
cated as constant, while in the actual experiments, due to the 
variation in the size of animals, the amount of corn-meal fed varied. 
In Table I giving the detailed data the relative proportion of 
milk proteins to corn proteins is the same as showm in the chart. 
The therms supplied w^ere calculated as net available energy. 

The results secured are limited to corn-meal (maize) and milk, 
although they probably are applicable to other cereal grains; but 

2 Hart, E. B,, and Steenbock, Biol, Chem,, 1919, xxxviii, 267. 
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in all probability they would not appb' to a grain supplemented 
■with a protein concentrate of plant or animal origin such as oil 
meal or meat. For example, 600 gm. of corn-meal supplemented 
with 100 gm. of oil meal may require less milk proteins for efficient 
nutrition than the level of proteins supplied by corn alone. This 
inference is made not only because oil meal supplements to some 
extent the proteins of corn-meal, but because of the higher level 
of proteins that would be supplied with the corn-meal-oil meal 
mixture. On the other hand it is known to us^ that the corn 
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Chart 1. This chart shows the plane at which milk proteins must be* 
used in order to supplement effectively the proteins of corn-meal. 


proteins, if they could be fed at a high enough level, %vould meet 
the needs of a growing animal. 

Accepting Atwater^s statement^ of the daily food intake for 
growing children of 6 to 15 years of age at 443 gm. of dry matter 
(2,040 calories) composed of 75 gm. of protein, 43 gm. of fat, and 
325 gm. of carbohydrates, the daily fluid intake of milk for an 
efficient protein mixture could be safely set at 1 pound (equivalent 
to 454 gm.). This would be liberal from the standpoint of an 

3 Hart E. B., and McCollum, E. V., J. Biol. Chem., 1914, xix, 373. Johns, 
C. 0., Finks, A. J., ahd Paul, M. S., J. Biol. Chem.j 1920, xli, 391. 

^Atwater, W. 0., quoted from Jordan, W. H., Principles of human 
nutrition, New York, 1917,182. 
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SOO gm. oom-meal. 2.12 11.61 72.6 8.9 278.6 142.2 74.9 22.1 

1.33 oe. skim milk. 
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efficient protein mixture, not only because of the high plane of 
protein intake required by the standard, but also because of the' 
possil^ility that a mixture of proteins from diverse sources would^ 
in themselves, have a fair efficiency. Basing the energy intake 
for children on the recent studies of Gepiiart,'^ then the milk 
consumption should be increased. In fact it would be double 
that suggested by the Atwater standard since these studies showed 
a dmly intake of 4,000 to 5,000 calories by athletic boys. 

From the results presented the inference might be made that 
normal rates of growth could not be secured until a highly efficient 
protein mixture "was fed. This would appear to be contrary to 
what has been published in the literature. The apparently suc¬ 
cessful rearing by Hindhedc® of his own children on low levels 
of protein of presumably only fair quality is a point in evidence. 
Probably the explanation of such I'esults lies in the slow^er rates 
of growth of man, coupled with the possibility of increased con¬ 
sumption. Further, recent experiments by Osborne and Mendel,’^ 
where with rats and a level of 10 per cent of barley protein good 
growth was secured, make it more difficult to obtain a full and 
clear comprehension of this problem. In maintenance experi¬ 
ments with man, Sherman and Winters® did not obtain a positive 
nitrogen balance when practically all the protein of the diet came 
from corn-meal. A negative nitrogen balance was converted intO' 
a positive balance, when a certain amount of milk supplemented 
the corn-meal. 

However, from the standpoint of the greatest utilization of 
ingested protein it would seem that experiments should be directed 
toward finding the most efficient protein mixtures possible. It- 
would be greater economy to use a mixture of barley protein and 
milk proteins at levels of effective supplementary relations rather- 
than depend upon excessive intake of a protein mixture of low 
efficiency, and certainly not successful as the sole source of pro¬ 
teins with all animals, even of the same species. 

The positive mathematical facts obtainable with cage experi¬ 
ments and nitrogen retention leave no doubt as to the relative 

® Gepkart, F. C., Boston Med, andStirg. 1917, clxxvi, 17. 

« Hiiidhede,M., Protein and nutrition; an investigation, London, 1913.. 

^ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xli, 275. 

8 Sherman, H. C., and Winters, J. C., J. Biol. Chem., 1918, xxxv, 301. 
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merits of protein mixtures examined and dispel the constant doubt 
in 'growth experiments that increments in weight maY not be 
protein storage alonej but in part may be due to an excessive 
storage of fat, water, etc. From the practical experiences of 
animal husbandmen in the gro\Ytli of swine it has been demon¬ 
strated again and again that maximum rates of growth cannot 
he secured Avith the cereal grains fortified Avith all other nutritive 
factors and supplied unconsciously in forage, such as alfalfa 
pasture. A protein supplement of high efficiency such as tankage 
or skim milk has ahA’ays been found necessary for maximum rates 
of groAvth. This experience harmonizes with our contention that 
it is ahvays safer to use highty efficient protein mixtures in nutri¬ 
tion during groAvth. This by itself justifies the use of milk in 
the human dietary. 

Our vicAVs are in agreement AAith the statement made by Sher¬ 
man,^ AAiio has gh^’en careful consideration to the problem of the 
protein requirement of maintenance in man: 

'it is plainly desirable in all eases that grain products be supplemented 
by mdk products, and it is clear that in providing for needs of groAAung 
children and of pregnant or nursing mothers the proportion of milk in the 
diet should be more liberal than it need be when only maintenance is con¬ 
cerned; this both because of the superior amino-acid make-up of the milk 
proteins and to provide amply for the mineral elements and Autamines 
as well.” 


SUMMARY. 

The results sIioaa" that a highly efficient protein mixture is not 
obtained until the proportion of liquid milk to corn-meal reaches 
1:1; ill this proportion the milk nitrogen wdll constitute approxi¬ 
mately 30 per cent of the total nitrogen of the ration. 

These data relate only to protein efficiency and of course are 
not to be interpreted as indicating the amount of milk necessary 
for providing an adequate supply of vitamines or salts to an 
animal wdth a growth rate similar to that of SAAune. 

® Sherman, H. C., J. Biol. CheTn., 1920, xli, 97. 




FERMEMTATION CHARACTERISTICS OF CERTAM 
PENTOSE-DESTROYING BACTERIA.^ 

By E. B, FRED, W. H. PETERSON, and AUDREY DAVENPORT. 

(From the Departments of Agricultural Bacteriology and Agricidiurat 
Cke?nistry, University of Wisconsin, Aladison,) 

(Received for publication, March 31, 1920.) 

The pentoses, xylose and arabinose, have been termed non- 
fermentable sugars. In a general sense this is true, as the ma¬ 
jority of microorganisms, yeasts and bacteria, cannot utilize the 
pentoses; however, there are certain forms which possess the 
ability to break down these sugars. Apparently these pentose- 
fermenting bacteria are widely distributed and no doubt play an 
important r6Ie in the economy of nature. 

In previous publications^ attention was called to the occur¬ 
rence of certain pentose fermenters in soil, manure, sauerkraut, 
and silage. These organisms were isolated, their general proper¬ 
ties described, and the name Lactobacillus pentoaceticus^ n,sp,, 
was suggested. This group of the pentose fermenters is charac¬ 
terized chiefly by the rapidity with which it breaks down xylose 
and arabinose with the production of acetic and lactic acids, and 
traces of alcohol and carbon dioxide. 

The present paper deals with the general fermentation charac¬ 
teristics of the pentose fermenters. 

EXPERIMENTAL. 

To determine the value of any substance as a source of carbon 
for an organism it is desirable to measure its growth in a s^mthetic 
medium free from any other source of carbon. In the case of the 

’^Published by permission of the Director of the Wisconsin Agricul¬ 
tural Experiment Station. 

This work was supported in part by a grant from the special research 
fund of the University of Wisconsin. 

^ Fred, E. B., Peterson, W. H., and Davenport, A., J. BioL Chem., 1919, 
xxxix, 347. 

2 Peterson, W. H., and Fred, E. B., J. BioL Chem., 1920, xli, 181. 
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pentose fermenters all attempts to grow these organisms in syn¬ 
thetic media failed. After several tests, it was found best to use 
yaast water medium for all fermentation tests. • The yeast water 
alone contains a very small amount of available carbon com¬ 
pounds, hence a control, consisting of yeast water alone plus the 
proper organism, was run and in reporting results these controls 
have been subtracted. The yesist water used in this study of 
fermentation reactions was prepared as follows: 

450 gm. of pressed yeast were steamed 3 to 4 hours with 4,500 cc. of 
tap water with occasional stirring. This infusion was then allowed to 
stand undisturbed until a heavy deposit of yeast cells and other suspended 
matter had settled to the bottom, of the vessel. The portion above this 
deposit was carefully poured off and sterilized in liter flasks. These flasks 
of the sterile yeast infusion were allowed to stand for 1 to 2 weeks, when 
the supernatant liquid was syphoned off and used without clearing or 
filtering. 

For a few of the experiments this medium was cleared wuth egg albumin 
and a clear yellow liquid resulted. The desired amount of the carbohy¬ 
drate, 2 per cent unless otherwise stated, was then added; and if calcium 
carbonate was not to be used in the medium its reaction was adjusted to a 
hydrogen ion concentration of about pH — 7.0 by titration with phenol 
red. iVccuratety measured portions were then pipetted into Erlenmeyer 
flasks and sterilized at 12 pounds pressure for 30 minutes. The calcium 
carbonate was sterilized in pow^dered form and added to the culture medium 
immediately before inoculation. In many of the cultures, the indicator 
bromocresol purple was added and the acid produced neutralized by means 
of sterilized 1 n NaOH; unless otherwise stated, the sugars were steril¬ 
ized in the yeast water. 

Tlie yeast water was found very satisfactory for the growth of 
the pentose fermenters. All the analyses were made in duplicate 
and frequenth^ in triplicate, usually with closely agreeing results. 
Since no A^ariation Avas noted in the products of fermentation 
from cultures kept under wddely different tensions of oxygen, the 
organisms AA’ere cultiAmted in deep layers of culture solutions, usu¬ 
ally 250 cc. of culture in a 300 cc, Erlenmeyer flask. Continued 
culthmtion in the presence of certain carbohydrates apparently 
did not produce any change in the poAA^er of fermentation. All 
cultures were incubated at 28°C. for Amrying periods of time. 
The carbohydrates used w^ere, wdth the exception of xylose,'^ 
Merck c.p. products. The substances studied AA^ere: 

® The xylose was obtained through the courtesy of Dr. C. S. Hudson, 
formerly Chief of the Carbohydrate Laboratory of the Department of 
Agriculture. 
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1. Pentoses: xylose and arabinose. 

■ 2 . IMetli^dpentose: rliamnose. 

3. Hexoses: glucose, galactose, mannose, and fructose. 

4. Disaccharides: sucrose, maltose, and lactose. 

5. Trisaccharides: raffinose and melezitose. 

6. Pol^^saccliarides: starch, inulin, cellulose, and xyian. 

7. Glucosides: salicin and esculin. 

8. Alcohols: mannitol and glycerol. 

9. Organic acids: pjuuvic, lactic, succinic, malic, tartaric, and 
■citric. 

In all the work a 2 per cent solution of the various carbon 
compounds was used. Fermentation was indicated by a change 
in the hydrogen ion concentration and particularly by the amount 
of volatile and non-volatile acid produced. As a rule these 
organisms bring about a vigorous fermentation without notice¬ 
able gas accumulation in a fermentation tube. This is particu¬ 
larly true of the fermentation of the pentoses, xylose and ara¬ 
binose. The volatile acid was determined by distilling with steam, 
and the non-volatile acid by extracting the residue from the steam 
distillation with ether in a Kutscher-Steudel extraction apparatus 
for 50 to 75 hours. In a number of cases the barium salts of the 
volatile acid and the zinc salts of the non-volatile acid were 
prepared and analyzed. 

Additional studies of the chemical changes arising from the 
decomposition of these carbon compounds are now in progress, 
A report on this phase of the work will be given at a later date. 

A Comparison of the Fermentation of Various Carbohydrates and 
Related Compounds. 

Reaction. —Changes in the hydrogen ion concentration of cul¬ 
ture media is frequently used as an index of fermentation. 
This method of study was employed -with many of the common 
■sugars and related compounds fermented in the absence of a 
neutralizing agent. The pH values were determined 14 dsbjs 
after the different media were inoculated with Cultures 41-11 
and 118-8. The control tubes contained yeast water only and 
were inoculated with the same cultures. They gave a change of 
not more than pH 0.4. It will be seen from the data in Table I 
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that all the carbohydrates used were fermented^ except raffinosey 
with a decided change in the hydrogen ion concentration. The 
fermentation proceeds rapidly, especially in the case of xylose 
and fructose; and usually within 24 to 48 hours there is a well 
defined change in pH values. After the 4th or 5th day the true 
acidity of the xylose, glucose, galactose, and fructose cultures' 
remains practically constant at about pH 3.6 to 4.0. No rever¬ 
sion from an acid reaction to a more alkaline was ever noted. 


TABLE I. 

Comparison of Acid Production from Various Sugars and Related 
Compounds, 


No. 

Carbon compound. 

Culture 41-11. 

Culture 118-8. 

At be¬ 
ginning. 

At end. 

Differ¬ 

ence. 

At be¬ 
ginning. 

At end. 

Differ¬ 

ence. 



pH 

pH 

pH 

pH 

pH 

pH 

1 

Xylose. 

5.6 

3.6 

2.0 

5.6 

3.5 

2.1 



6.0 

4.0 

2.0 

6.0 

3.6 

2.4 


. 

6.8 

3.9 

2.9 

6.8 

3.8 

3.0 

S 

Galactose. 

7.2 

4.0 

3.2 

7.2 

4.0 

3.2 

4 

Fructose. 

6.4 

3.9 

2.5 

6.4 

3.9 

2.5 

5 

Sucrosel 

6.0 

3.6 

2.4 

6.0 

3.6 

2.4 


. 

7.0 

3.8 

3.2 

7.0 

4.6 

2.4 

6 

LactosGN, 

5.8 

3.7 

2.1 

5.8 

4.4 

1.4 


[b . 

6.8 

3.9 

2.9 

6.8 

Lost. 


7 

Mannitol. 

6.6 

4.3 

2.3 

6.6 

4.3 

2.3 

8 

Raffinose. 

7.0 

6.6 

0.4 

7.0 

6.4 

0.6 

9 

Yeast water alone. 

7.0 

6.6 

0.4 

7.0 

6.6 

0.4 


* a and h denote different experiments. 


The rate of acid formation is much slow'er in the case of sucrose,, 
lactose, and mannitol than in the case of the other carbon com¬ 
pounds and the pH values are higher. The results indicate that 
the sugars, xylose, glucose, galactose, fructose, sucrose, and lac¬ 
tose, are readily decomposed, giving approximately the same pH 
limit of growTh. The final reaction averages about pH 3.6 to 
3.9 which may be termed the acid limit of fermentation for this 
group of organisms in this media. The mannitol is less easily 
decomposed and consequently gives a higher pH value, probably 
due to the slow rate of fermentation. 
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As lias been noted by other investigators'^ it was observed that 
the greatest changes in hydrogen ion concentration often were 
accompanied by apparentl^^ little visible growth in the tubes. A 
vigorous fermentation with only a slight visible growth in the 
culture medium is especially noticeable in the case of xylose. 

Undoubtedly changes in pH values furnish an easy means of 
indicating carbohydrate fermentation, but do not necessarily give 
a true picture of the utilization of these substances. For in“ 
stance xylose in concentrations not in excess of 4 per cent is con¬ 
verted almost quantitatively into acetic and lactic acids; while 
glucose, galactose, and sucrose under the same conditions show 
only a small utilization of the added sugars. 

Gas Production, —The method of studying carbohydrate fer¬ 
mentation by gas production in Smith fermentation tubes was 
tested. For this purpose 2 per cent yeast water solutions of 
xylose, glucose, galactose, fructose, sucrose, lactose, raffinose, 
and mannitol were used. The cultures were kept at 28°C. and 
examined daily for a period of 3 weeks. During this time no gas 
collected in the closed arm of any of the fermentation tubes. 

Although gas production in a fermentation tube has been used 
as a common indication of carbohydrate decomposition, for the 
pentose fermenters this method is almost worthless since only 
traces of gas are produced. In the majority of cases where the 
fermentation tubes gave no visible gas production more accurate 
methods of analysis showed a strong fermentation with gas forma¬ 
tion. 

Keyes,^ Clark,® and others have pointed out the inaccuracies of 
the fermentation tube for measuring gas production and the use 
of the results thus obtained as an index of growth. The decom¬ 
position by the pentose fermenters of glucose, galactose, man¬ 
nose, and other sugars with the formation of CO 2 , none of which 
can be collected in fermentation tube, offers striking examples 
of the fallacy of this method. In the case of these sugars, no 
gas is noted in the closed end of the fermentation tube and yet 

^ Ayers, S. H., Rupp, P., and Johnson, W. T., XJ, S. Dept. Agric., Bureau 
of Animal Industry, Bull, 782, 1919, 21. 

® Keyes, F, G., J. Med, Research, 1909, xxi, 69. 

® Clark, W. M., Science, 1913, xxxviii, 669. 
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they ferment rapidly with the production of large amounts of 
CO 2 and organic acids. About 20 to 25 per cent of the glucose 
and galactose is converted into CO 2 . 

Comparison of Reaction and Gas Productiom 

Unfortunately measurements of the change in hydrogen ion 
concentration also fail to give a true idea of the fermentative 
value of the carbon compounds. Often the change in pH value 
may be well defined when only a small amount of the carbohy¬ 
drate has been consumed. Although far superior to the fer¬ 
mentation tube test as a criterion of fermentation, the change in 
hydrogen ion concentration is open to certain objections. The 
change in pH values depends upon many factors, chiefly the 
amount and strength of the acid or acids formed. An organism 
may bring about complete utilization of the carbohydrate with 
the production of large amounts of alcohol, acetone, or other 
neutral bodies and the relatively weak carbonic acid. On the 
other hand the carbohydrate may suffer only a slight decom¬ 
position with the production of stronger acids, for example, acetic, 
lactic, and succinic acids, and consequently a well defined change 
in pH values. 

In a study of the fermentation reactions, it is believed that the 
total acid as Avell as the kinds of acids should be considered. 
With this in mind attention was directed to the soluble acid 
products of fermentation. 

In this connection it should be borne in mind that the chemical 
processes involved in the utilization of carbohydrates by bacteria 
are b}" no means simple; and undoubtedly the steps are much 
more complicated than was formerly supposed. The intermedi¬ 
ate and often the end-products are difficult to demonstrate and 
are subject to changes depending upon the conditions of the 
fermentation. In tliis work only the products which accumu¬ 
lated diuing fermentation were measured. The carbohydrates 
are considered in the order of their availability and their chemical 
relation; the most easily fermented are given first. 
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FermeMation of Xylose^ Ardbinose, and Eliamnose. 

The total amounts of volatile and fixed acids produced at dif“ 
ferent stages of growth from the pentoses, xylose, arabinose, and 
liiaiiiiiose, in cultures inoculated with 41-11 and 118-8 are tabu¬ 
lated in Table II. Xylose and arabinose are decomposed very 
rapidly by these organisms with the formation of large amounts 

TABLE II. 


Fermentation of Pentoses, 



Culture 

No. 

Time. 

0.1 2vracid in 100 cc. of culture. 

Total. 

Volatile. 

Non¬ 

volatile. 

Ratio of 
volatile to 
non¬ 
volatile. 



days 

cc. 

cc. 

cc. 


Xylose. 

41-11 

3 

123.7 

64.6 

59.1 

100:91 


41-11 

6 

194.8 

106.4 

88.4 

100:83 


41-11 

8 

207.2 

115.2 

92.0 

100:80 


41-11 

10 

222.7 

121.2 

101.5 

100:84 


41-11 

14 

226.5 

124.0 

102.5 

100:83 


41-11 

90 

209.4 

118.2 

91.2 

100:77 


118-8 

3 

126.8 

66.6 

60.2 

100:90 


118-S 

6 

196.2 

107.6 

SS.6 

100:82 


118-8 

8 

224.7 

130.4 

94.3 

100:72 


118-8 

14 

231.5 

132.4 

99.1 

100:75 

Arabinose, 

41-11 

28 

234.8 

136.6 

98.2 

100:72 


118-8 

28 

248.8 

138.2 

110,6 

100:80 

Rhamnose. 

41-11 

30 

No ferm 

entation. 




118-8 

30 

cc 

ce 




of acid. In a previous paper^ attention was called to the great 
rapidity and the completeness of the fermentation of xylose by 
Lactobacillus pentoaceticus. 

It will be noted from Table II that more than 12 per cent of 
normal acid was produced in a culture containing 2 per cent of 
xylose after 3 days incubation and nearly 20 per cent after 6 days. 
The maximum w^as found after 10 days of growth, about 22 per 
cent of normal acid. After 14 days incubation a portion of the 
culture ’was removed and the sugar content determined. In 
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every case it was found that the bacteria had destroyed the 
pentose sugar. 

The interesting fact noted from the data of this table is the 
relation between the volatile and non-volatile acids. This ratio 
is approximately 100 parts of volatile acid (cc. of 0.1 n acid) to 
82 parts of non-volatile acid. It has been found that the acids 
formed consist almost exclusively of acetic and lactic acids. 
Arabinose apparentl}^ behaves like xylose^ being decomposed rap¬ 
idly into acetic and lactic acids. On the other hand, the methyl- 
pentose rhamnose is not attacked. Here it seems that the pres¬ 
ence of the methyl group and the configuration of the hydroxyl 
groups prevented these organisms from decomposing it. 

Fermentation of Glucose, Galactose,- Mannose, and Fructose. 

The aldo-hexoses, glucose, galactose, and mannose, are decom¬ 
posed with the production of acetic acid, lactic acid, and ethyl 
alcohol, while from the ketose, fructose, mannitol is formed instead 
of ethyl alcohol. The total amount of acid formsed, ho^vever, is 
not half that obtained from the pentose sugars, xylose and ara¬ 
binose. The results of the fermentation of the hexose sugars are 
given in Table III. 

Glucose .—Within 24 hours after inoculation the glucose cul¬ 
tures shelved a well marked turbidity, a few" gas bubbles, and a 
w"ell defined acid reaction. The acidity with this hexose amounted 
to 10 to 14 per cent of normal acid, depending to a certain extent 
on the age of the. culture. The general course of fermentation 
with glucose is very different from that noted with xylose and 
arabinose. Acids are formed rapidly in the early stages of fer¬ 
mentation, usually 2 to 3 days after inoculation; and then this 
period of rapid fermentation is follow^ed by one of slow acid pro¬ 
duction. Apparently the pentose fermenters can make direct 
use of only a portion of the glucose. Of the 2 per cent present 
in the cultures at the beginning, it was found by analyses that more 
than half of this amount remained at the end of 30 days growth. 
The same incomplete consumption of sugar also occurs with 
galactose and mannose but, as already mentioned, to only a 
slight extent in the fermentation of xylose. Factors other than 
the accumulation of salts of acids must operate to produce this 
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noteworthy difference in the behavior of the bacteria toward the 
iiexoses. The sugar consumed correlates with the total acid 
formed wdiich in the case of glucose is only half as great as that 
obtained from the fermentation of the pentoses, arabinose and 


TABLE III. 

Fermentation of Hexoses. 





0.1 N acid in 100 ec. of culture. 


Culture 

No. 

Time. 

Total. 

Volatile. 

Non¬ 

volatile. 

Ratio of 
volatile to 
non¬ 
volatile. 



days 

cc. 

cc. 

cc. 


Glucose. 

41-11 

15 

99.2 

16.0 

83.2 ■ 

100:520 


41-11 

30 

106.5 

26.3 

80.2 

100:305 


41-11 

75' 

149.4 

69.4 

SO.O 

100:115 


IIS-S 

15 

98.0 

15.8 

82.2 

100:520 


118-8 

25 

119.9 

20.6 

99.3 

100:482 


IIS-S 

30 

100.7 

18.6 

82.1 

100:441 


llS-8 

75 

125.4 

54.6 

70.8 

100:130 

Galactose. 

'llS-S 

10 

63.4 

10.7 

52.7 

100:493 


41-11 

30 

77.2 

16.7 

60.5 

100:362 


118-8 

30 

76.6 

13.3 

63.3 

100:476 

Mannose. 

41-11 

14 

44.9 

16.1 

28.S 

100:179 


41-11 

35 

90.7 

54.7 

36.0 

100: 66 


118-S 

14 

33.9 

16.9 

j 

17.0 

100:101 

Fructose. 

41-11 

14 

88.5 

52.0 

36.5 

100: 70 


41-11 

21 

91.2 

53.4 

37.8 

100: 71 


41-11 

28 

97.0 

60.0 

37.0 

100: 62 


41-11 

42 

133.5 

72.5 

61.0 

100: 84 


118-S 

14 

89.5 

51.9 

37.6 

100:. 72 


llS-8 

42 

133.9 

74.0 

69.9 

100: 81 


IIS-S 


68.8 

39.9 

2S.9 

100: 72 


118-8 

58* 

69.7 

49.7 

20.0 

100: 40 


* Same culture analyzed after 4 and 58 days. 


xylose. Concerning the proportion between the volatile and 
non-volatile acids, the interesting fact is brought out that in the 
early stages of fermentation this ratio is about 100 to 500. Appar¬ 
ently this ratio changes in the older cultures, the volatile acid 
increases, while the non-volatile acid decreases. Although the 
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evidence is not conclusive, it seems that the non-volatile acid, 
lactic, is slowly converted into the volatile acid, acetic. The 
results of fermentation tests with the salts of lactic acid lend sup¬ 
port to this assumption. In the pentose sugars no such change 
in the ratio of acids was noted. 

Galactose .—The pentose bacteria ferment galactose in a manner 
almost identical wuth that of glucose. From the total acid pro¬ 
duced it appears that galactose is somewdiat less available than 
glucose. 

Mannose .—This sugar is not fermented in the same way as 
glucose and galactose. As a matter of fact, mannose occupies a 
unique position among the hexose sugars whose fermentation has 
been studied. The decomposition of the mannose is effected 
much more slowly than is the case with glucose or galactose. 
The difficult fermentation of mannose may possibly be corre¬ 
lated with the difference in stereoisomeric structure from that 
possessed by the other aldo-hexoses. As may be seen from 
Table III, the total acid formed after 14 days is about 3 to 4 per 
cent of normal acid and the ratio about 100 parts of volatile to 
somewhat more than 100 parts of non-volatile acid. 

Fructose .—Fructose is decomposed in a very different manner 
from any of the other hexoses. ’ These organisms attack this ke¬ 
tone sugar vigorously, reducing it to mannitol and forming at the 
same time volatile and non-volatile acids and carbon dioxide. The 
soluble acid products of fermentation have been found to consist 
almost entirely of acetic and lactic acids. From sugar deter¬ 
minations it was found that the fructose is completely destroyed 
wdthin 4 to 6 days .after inoculation. It is clear from the results 
of Table III that the hexose sugars are fundamentally dissimilar 
in respect to availability; fructose is by far the most easily de¬ 
composed; glucose and galactose come next in order; and man¬ 
nose last. It is significant that, with fructose, mannitol is formed 
as an intermediate product, and later this intermediate product 
is in turn decomposed with the formation of soluble acids. For 
more detailed information on this phase of the subject, see a 
later report.'^ The ratio of acetic acid to lactic acid in the case of 
fructose is about 100 to 70. 

^ Peterson, W. H., and Fred., E. B., J. Biol. Chem., 1920, xli, 431. 
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Fermentation of Siicrosey Maltose, Lactose, Raffinose, and Melezitose. 

Next to tlie pentoses and hexoses in availability as measured 
by the production of acid come the disaccharides, sucrose, mal» 
tose, and lactose. Sterilization of the disaccharicles may result 
ill a partial hydrolysis and the production of the corresponding 
monosaccharides. A 2 per cent solution of sucrose in distilled 
water heated for 45 minutes at 15 pounds pressure showed a pro- 

>» 

TABLE IV. 


Fermentation of Disaccharides and Trisaccharides. 



Culture 

No. 

Time. 

0.1 N acid in 100 cc. of culture. 

Total. 

Volatile. 

Non¬ 

volatile. 

Ratio of 
volatile to 
non¬ 
volatile. 



days 

cc. 

cc. 

cc. 


Sucrose. 

41-11 

25 

117.8 

53.4 

64.4 

100:121 


41-11 

48 

190.8 

75.4 

115.4 

100:153 


118-8 

25 

86.8 

29.4 

57.4 

100:195 


118-8 

48 

148.8 

54.8 

j 94.0 

100:172 

Maltose. 

41-11 

16 

102.1 

-29.6 

72.5 

100:245 


118-8 

16 

105.6 

29.5 

76.1 

100:258 

Lactose. 

41-11 

25 

82.2 

33.7 

48.5 

100:144 


118-8 

25 

82.2 

35.0 

47.2 ! 

100:135 

Raffinose. 

41-11 

20 

No ferm 

entation. 




llS-8 

20 

c< 

u 



Melezitose. 

41-11 

20 

C( 

u 




118-8 

20 

it 

u 




duction of 0.012 gm. of reducing sugar per 100 cc. of solution, 
or 0.006 gm. of reducing sugar per gm. of sucrose. The same 
quantity of sucrose in yeast water gave 0.008 giii. of reducing 
sugar per gm. of sucrose. In order to obviate the influence of 
this reducing sugar, a sucrose solution was sterilized by passing 
through a Chamberland filter. The bacteria started somewhat 
more slowly in the latter case but the final acidity developed was 
essentially the same as in those cultures sterilized by heat. Of 
these three, sucrose appears the most available, giving an aver- 
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age of almost 17 per cent of normal acid after 48 days incuba¬ 
tion. I\ialtose is fermented in much the same manner as sucrose^ 
but was perhaps not so available. Too much emphasis should 
not be placed on the ratio between volatile and non-volatile 
acids^ since the time of incubation was different for the two 
sugars^ sucrose and maltose. Lactose is broken down very slowly 
this group of bacteria, giving a much lower acidit}^ than the 
other disaccharicles. The trisaccharides, raffinose and melezitose, 
show little if any fermentation.^ Table IV gives the results of 
these fermentations. 


TABLE V. 

Fermentation of Alcohols and Glucoside. 



Culture 

No. 

Time, 

0.1 N acid in 100 cc. of culture. 

Total. ' 

Volatile. 

Non¬ 

volatile. 

Ratio of 
volatile to 
non¬ 
volatile. 



days 

cc. 

cc. 

cc. 


Mannitol. 

41-11 

15 

13.6 

7.0 

6.6 

100:94 


41-11 

40 

81.6 

43.8 

37.8 

100:86 


41-11 

80 

114.8 ^ 

61.0 

53.8 

100:88 


41-11 

i 140 

148.9 

75.7 

•73.2 

100:97 


IIS-S 

15 

11.2 ; 

6.0 

5.2 

100:87 


IIS-S 

40 1 

79.2 1 

40.2 

39.0 

100:97 


IIS-S 

i 80 ! 

87.9 : 

46.7 

41.2 

100:SS 


IIS-S 

140 

140.0 

73.0 

67.0 

100:92 

Glycerol. 

41-n 

30 

9.6 

5.0 

4.6 

100:92 


118-S 

30 


5.0 



Salicin. 

41-11 

20 

31.7 

20.5 

11.2 

100:55 


118-S 

20 

25.9 

17.1 

8.8 

100:51 

Esculin. 

41-11 

S 20 

No fermi 

entation. 



1 

IIS-S 

20 

iC 

cc 




Ferjiientaiion of Mannitol, Glycerol, SaUcin, and EscuUn. 

The polyatomic alcohol, mannitol, furnishes a fair source of 
carbon for the pentose-fermenting group of organisms. As shown 
in the results of Table V mannitol is fermented very slowi}^- at 
first; after 140 days, however, the total acid reaches more than 
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14 per cent normal. The ratio between the two acids is main¬ 
tained about the same throughout the entire fermentation period, 
usiiall}' 100 to 86-97. Glycerol was fermented very slowly. It 
is unsuitable as a source of carbon for these organisms. The 
glucosidCj salicin, is slowly decomposed with the production of 
about two parts of 'Volatile to one part of non-volatile acid. 
Esculin was not fermented. 

Ferinentaiion of Starchy Inuliny Cellulosey and Xylan. 

The cultures containing the pol 3 "saccharides, starch, inulin, 
and cellulosej failed to show an^- decided increase in acids 
(Table VI). On the other hand, xjdan decomposed very slowlj^, 
forming almost equal amounts of volatile and non-volatile acids. 


TABLE VI. 

Fermentation of Polysaccharides. 



Culture 

No. 

I 

Time. 

0.1 N acid in 100 cc. of culture. 

Total. 

Volatile. 

Non¬ 

volatile. 

Ratio of 
volatile to 
non¬ 
volatile. 



da^/s 

cc. 

cc. 

cc. 


Starch. 

41-11 

30 

No fermentation. 



IIS-S 

30 

u 

Si 



Inulin. 

41-11 

30 

(C 

sc 




IIS-S 

30 

sc 

a 



Cellulose. 

41-11 

30 

Trace. 

Trace. 

Trace. 



11S~S 

30 

sc 

S( 

cc 


Xylan. 

41-11 

■ 60 

58.7 

27.5 

31.2 

100:113 


IIS-S 

60 


35.3 

Lost. 



Fermentation of Salts of Organic Acids. 

In order to determine the value of the salts of organic acids 
as a source of carbon, the fermentation of lactic, p 3 uuivic, suc¬ 
cinic, malic, tartaric, and citric acids was studied. In all cases 
the sodium or calcium salt of the acid was used. The salts of 
lactic, pjuTivic, and malic acids were fermented, but no fermenta- 
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tion was found in the case of the succinic, tartaric, and citric acid' 
salts. The sodium malate fermentation has been described in 
connection with the fermentation of fructose and results in the 
production of lactic acid and carbon dioxide as the chief prod¬ 
ucts together with a small amount of acetic acid. In the case 
of the lactic acid salt, about 30 per cent of it was converted into 
acetic acid in 30 days. More complete quantitative data on the 
fermentation of the organic acids and the relation of these to the 
fermentation of the sugars will be considered in later papers. 

SUMMARY. 

The fermentation of various carbohydrates and related com- 
pounds was studied by means of the change in reaction and 1}y 
gas production in fermentation tubes. It wavS found that the' 
average limit of growth in the yeast -water medium -was approxi¬ 
mately pH 3.6 to 4.0 in the case of xylose, glucose, galactose, 
fructose, sucrose, and lactose. Mannitol was decomposed more 
slowly and gave a limit of about pH 4.3. The results of acidity 
measurements fail to give any idea of the amount of the carbo¬ 
hydrate consumed. The fermentation tube method -was tried and 
found valueless. Apparently the pentose fermenters break down 
the carbon compound with the production of gas, largety GO 2 , 
which does not accumulate in the closed end of the fermentation 
tube. In the case of glucose and galactose as much as 27 per 
cent of this sugar was converted into CO 2 without aii}^ accumu¬ 
lation of gas. 

In this work special emphasis was placed on the total acid 
formed from 2 per cent solutions of the various compounds as 
well as the amount of volatile and non-volatile acid. The pen¬ 
tose sugars, arabinose and xylose, decomposed rapidly forming: 
more than 20 per cent of normal acid, divided into almost equal 
amounts of acetic and lactic acids. In less than 14 days the xylose 
and arabinose were completely destroyed. Rhamnose was not 
attacked by the pentose fermenters. 

The aldo-hexoses, glucose and galactose, are decomposed in a 
similar manner, yielding acetic acid, lactic acid, and ethyl alco¬ 
hol. Hovrever, the total amount of acid produced is small as 
compared with that from the pentose sugars; approximately 10' 
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to 14 per cent of normal acid is formed. The non-volatile acid is 
produced in much larger amounts than the volatile; the ratio is 
about five parts of non-volatile acid to one part of volatile acid. 
Glucose is perhaps more easily fermented than galactose. The 
extent of fermentation is about the same with these two sugars; 
after 15 days approximately one-haK of the sugar is consumed. 

Mannose ferments more slowly than either glucose or galactose 
and yields neaiij^ equal quantities of volatile and non-volatile 
acid. 

The ketone sugar, fructose, is rapidly reduced by the pentose 
bacteria forming mannitol; and at the same time volatile and non¬ 
volatile acids and CO 2 are formed. The decomposition of the 
fructose is very rapid. Within 4 to 6 days after inoculation this 
sugar has completely disappeared. 

The disaccharides, sucrose, maltose, and -lactose, are all fer¬ 
mented, but never completely. Of these three substances, su¬ 
crose is the most available. Lactose, on the other hand, is broken 
down very slowly. The products of fermentation are chiefly 
volatile acid and non-volatile acid, with an excess of the latter. 
Raffinose and melezitose were not fermented. 

The po^hydric alcohol, mannitol, is slowly broken down by 
the pentose fermenters forming almost equal amounts of the two 
acids, acetic and lactic. Glycerol and the glucosicle, salicin, fer¬ 
ment very slowly, while another glucosicle, esculin, fails to show 
any fermentation. 

The polysaccharides, starch, inulin, and cellulose, are not fer¬ 
mented; xylan is decomposed very slowly. 

The organic acids, succinic, tartaric, and citric, are not at¬ 
tacked; while pyruvic, lactic, and malic acids are fermented. 
From lactic acid, acetic acid is produced; and from malic, lactic 
acid, cai-bon dioxide, and acetic acid are the chief products. 
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Turbidimeters and nephelometers are instruments designed for 
practically the same purpose; that is, making quantitative deter- 
mination on certain substances by estimating the translucency 
possessed by certain concentrations where a cloudiness exists or 
can be brought about. Some authorities call their instruments 
turbidimeters because they measure side scattered light, others 
call theirs' nephelometers because they measure light reflected 
off at different angles (same phenomenon). The nephelometer 
is properly so called because it measures the amount of cloucliness 
in the substances, but the latest models of these instruments 
measure the amount of light that is transmitted through or is 
scattered by the cloud which exists in the substance. 

In the case of either instrument, the operator arrives at his 
determination by measuring the amount of light that reaches his 
eye, whether or not he subtracts this from a total to get the 
absorbed light. 

It occurred to the authors of this paper that in the use of the 
present instruments the operator is handicapped in two of the 
essential points. First, he must make a standard for comparison 
for almost every separate determination; and he must depend on 
the individual eye for the vanishing point of a light, or the merging 
of gratings. The present authors found that the latter differed 
with different eyes. In fact one of us found it differed with 
the right and left eye. Then with the use of the present instru¬ 
ments, where comparisons to standards are made, a point in the 
concentration is soon reached where the eye is entirely unable 
to distinguish between two substances that do not have a com¬ 
paratively wide difference between them. 
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III 1900 Whipple and Jackson^ designed the candle turbidimeter 
for the purpose of measuring turbidity of water. The candle 
flame under a certain depth of water would disappear. The 
turbidity of course was assumed to vary inversely as the depth 
required to cause the candle to disappear. This principle is 
used yet to a great extent in field work w^here electricity is un¬ 
obtainable and other than arbitrary standards are inconvenient. 
This mechanism has been improved greatly by Sheppard^ recently. 

Our purpose has been to devise an instrument with which 
turbidities as great as that made by 1 cc. of a 5 per cent lemon 
oil extract in 100 cc. of water can be measured photometrically. 

The latest models of nephelometers are not efficient to this 
extent. A history of the development of the nephelometer and 
a description of one of the later ones %vere published by Kober 
and Graves.^ Dienert/ Bloor/^ and Kober® developed the arti¬ 
ficial light arrangement on the Duboscq colorimeter. In all 
these arrangements we must depend on the sensitivity of the eye 
for results. 

Richards and Wells' provided aid for the in comparing 
intensities of illumination by means of ground glass wedges on 
their eyepiece. Kober and Graves’"^ provided a sort of Lummer- 
Brodhim field for this comparison by the use of reflecting mirrors. 
A similar device w^as also employed by Marshall and Banks® in 
their instrument. But with all these instruments judgment 
depends on the ability of the eye to match intensities of light, and 
concentrations of substances soon go beyond that ability. 

It seemed to the authors as though some photometric device 
such as the oil spot on paper would be more sensitive to slight 
differences in intensity of illumination. 

^ Whipple, G. C., and Jackson, D. D., Tech. Quart., 1900, xiii, 274. 

2 Sheppard, S. E., J. Ind. and Eng. Chem., 1920, xii, 167. 

3 Kober, P. A., and Graves, S. S., J. Ind. and Eng. Cheni., 1915, vii, 843. 

^ Dienert, F., Compt. rend. Acad., 1914, clviii, 1117. 

® Bloor, W. R., J. Biol. Chem., 1915, xxii, 145. 

® Kober, P, A., J. Biol. Chem., 1917, xxix, 155. 

^ Richards, T. W., and Wells, R, C., Am. Chem. J., 1904, xxxi, 235. 

8 Marshall, J. T. W., and Banks, H. W., 3rd, Proc. Aw. Phil. Soc., 1915, 
iiv, 176. 
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The apparatus which we have designed and operated; and which 
'we wish to describe here, is fashioned so that a strong light is passed 
through a definite and comparatively narrow column of the sub- 
stance in question, and w'hat is not lost falls upon one side of an 
oil spot to balance with an amount that we permit to come from 
the opposite side by causing graduated losses on similar sources, 
under standard conditions. The apparatus consists of a dark 
box 12| inches long, 4| inches wide, and 8 inches high, having 
a dark compartment at each end for the standard lights, next 
to these the small dark compartments for the cell of unknown 
substances on the one side and the standards on the other, a very 
small compartment in the middle for the paper with its oil spot, 
and the narrow mirrors w^hich reflect the images of the spot through 
a small eyepiece directly in front. Fig. 1 is a diagram of the 
apparatus. 

The method of using this instrument will be readily seen. The 
unknown is put into the cell to the left as soon as prepared accord¬ 
ing to specified conditions and the eye is placed over the eyepiece 
in front. (Eyepiece is a wooden drawer knob with widening hole 
toward the screen and serves to lift lid.) Then switch on lights 
and turn the wheels, by the portion which extends above slots 
in lid, until the two intensities of illumination are balanced. 
Then read the resistance, units on first wheel to the right and tenths 
on the second. The visible numbers on the exposed portion of 
each wheel tell the equivalent of standard discs brought opposite 
the aperture through which the light passes. Each different 
substance determined has to have a scale of its own worked out 
previously. Then with the reading obtained, by comparing to 
the proper scale, percentages can be read. 

Fig. 2 shows the construction of the 'wheels containing the 
standard discs. 

While there might be no limit to the number of wheels with 
different denominations of discs, our instrument has only two. 
In our experience we found this to be sufficient for the low per¬ 
centages that must of necessity be expressed. The percentages 
can, of course, be run to one or two decimals further either way- 
by using varying amounts of the substance in solution. 

In the compartment in which the unknown is placed, on the 
w^all next to the light, a tube of the same size as the apertures for 




Fig. 1. Upper figure is a diagrammatic view from the side; lower figure 
view from above. 

• AA — 50 watt nitrogen lamps joined parallel. 

B = Cell to hold substance to be tested. 

C = Photometer, (1) reflecting mirrors, (2) oil spot, (3) screen of white 
paper. 

DD' — Discs holding standards of ground glass. 

E = Eyepiece through which the photometer is viewed. 
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tlie light, and of a length equal to the thickness of the two wheels^ 
is placed in the light aperture to give the same conditions as to 
confining the light rays. For special purpOsSes the compartments 
for the unknowm and the disc 'wheels should each be large enough 
to contain a standard cell 2 inches thick. However, an inch cell 
is what we used. When cells smaller than 2 inches are standard¬ 
ized and used they should always be placed in the same position 
against the wall next the screen compartment. When t'^m cells 
are used they should be similarly situated in their respective 
compartments and the zero holes in the disc wheels brought into 
play. 



Fig. 2. (1) Lateral view of disc -^^^heel; (2) cross section through discs. 


To standardize the disc wheels for a certain substance, we have 
only to make one standard and place similar amounts in tw^o cells, 
one for each side of the screen, and adjust the two lights to a 
zero reading by turning in discs or interchanging lights and turning 
in discs. Then certain standards which are multiples of each 
other are made and read and the readings are recorded on a slip 
which may be filed away to furnish a scale for that same sub¬ 
stance in subsequent work. This saves making a new standard 
for each determination, provided the conditions of preparation 
are also standardized. 

In the use of such an apparatus it is necessary to take cognizance 
of the ■work of Richards and Wells,who in several articles call 

^ Richards, T. W., and Wells, R. C., J, Am, Chern, Soc., 1905, xxvii, 485. 
Richards, T. W., Am. Chem. J., 1906, xxxv, 510. 

Wells, R. C., Am. Chem. J., 1906, xxxv, 99. 
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attention to the existence of a progressive change in state of 
precipitates under different conditions. We can gather encour¬ 
agement too from Kober^^ in his nephelometric determinations of 
ammoniaj phosphorus, calcium, and the fats and oils; also from 
the work of Lamb, Carleton, and Meldrum^^ standardized 
conditions for chlorine for the nephelometer. 

In view of some facts recorded by Wells^^ we could not claim 
to be able to operate this instrument with all sorts of precipitates, 
but we hope that with several of the substances which have already 
been standardized for turbidimetry we can multiply the accuracy 
and save the time required for making new standards for each 
determination. We believe also that a great many more additions 
can be made to the list of substances determinable by the tur¬ 
bidimeter. 


TABLE I. 


SOain lOOcc. 
H 2 O. 

Readings by observers. 

1 

Average reading. 

A. 

B. 

C. 

mg. 





10 

20 

20 


20 

12.5 

24 

25 

25 

24.66 

13 

25 

25 


25 

13.5 

26 

26 


26 

14 

27 

27 


27 

15 

29 

30 

31 ! 

30 

50 

48 


49 

48.5 


In order to test the efficiency of the instrument as compared 
to others we tried two different substances—chlorides as precip¬ 
itated with AgNOs and BaS04 as obtained by 0.1 n H 2 SO 4 and 
BaCb in excess. We found that Whipple and Jackson,^ Dienert,^ 
and Miier^^ had operated the nephelometer and turbidimeter 
on sulfates in water. But Muer was able to determine within 
only 5 per cent of the true amount when the concentration 
reached 50 mg. of SO 3 to 100 cc. of water. 

Kober, P, A., /. Ind, and Eng. Chem.j 1918, x, 556. 

Lamb, A. B., Carleton, P, W., and Meldrum, W. B., /. Am. Chem. Soc,^ 
1920, xlii, 251. 

Muer, H. P., J. Ind. and Eng. Chem., 1911, iii, 553. 
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We worked out several different tables in the adjustment of 
our standards that proved the efficiency of the apparatus, but 
Table I represents results obtained by three different observers. 

Observers A and B were the same persons each time. Observer 
C was a different person each time. If these w^ere unknown 
substances supposed to contain sulfate and each case was assumed 
to be a 1 per cent solution of the unknown solid the average reading 
would be 1, 1.23, 1.5, and 2.43 per cent. The last, the one most 
in error, would be off 0.075 per cent. About 1 hour was occupied 
in the reading of each of these, each observer taking at least 
three sittings before giving his ultimate readings. At the end 
of each | hour for the following If hours Observer A made obser¬ 
vation on each preparation and found that they deteriorated at 
the rate of 0.1 per cent per J hour. We then made the 25 mg. 
standard with 25 cc. of glycerol and 75 cc. of water and made 
observations every ^ hour for 3 hours. We found that it then 
read 35 instead of the 24.66 reading obtained in the water suspen¬ 
sion, that it remained 35 throughout six successive readings, and 
then fell at the rate of about 0.1 per cent each hour. We found 
in all readings that we could stir the precipitate Just previous to 
taking the reading without changing the reading at all, and the 
above described deterioration occurred regardless of the stirring, 
and was doubtless due to agglomeration. 

We operated the instrument then on AgCl preparations accord¬ 
ing to the method of Lamb, Carleton, and Meldrum^^ and found 
that it was only after working considerably with standards that 
we could compare light intensities with the yellow color on one 
side and white on the other. Then taking several readings made 
by three independent observers, each taking at least three sittings, 
we obtained the data given in Table II. 

We note here that the concentration 2.65 mg. of chlorine to 
100 cc. of solution, which was pronounced too concentrated by 
Lamb, Carleton, and Meldrum, was read the same by Observers 
A, B, and C and that one-ffith more than this concentration, which 
is about three times the concentration which they pronounced 
best, has not so great a deviation from the average as they had 
with the smaller concentration. 

After taking the above reading we performed a few experiments 
placing fractional portions of the colored substance on the stand- 
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ard side of the instrument and making up the l^alance by turning 
of discs. We got very good results with a much higher concen¬ 
tration than was used in Tables I and II. 

We believe that Avith an instrument in which the difference 
betAveen a standard and an unknown can be made up with known 
additions to the Aveaker one, as is the case Avith the Marshall- 
Banks instrument and the one Ave are here describing, that the 
above scheme aauII not only save the making of standard sub¬ 
stances to compare to the unknown but it aauII serA^e the purpose 
better. It seems to avoid errors that might creep in on account 
of the unknown's haAung more of some interfering substance than 
does the standard. We are noAv Avorking out more definite data 


TABLE II. 


Chlorine in lOOcc. 
water and alcohol. 

Readings by observers. 

Average reading. 

A. 

B. 

C. 

mg. 





2.65 

25 

25 

25 

25 

3,18 

30 

30 

31 

30.33 

6.36 

58 



58 

10.0 

90 



90 


in this connection and also working on the problem of neutralizing 
the color or other interfering conditions by bringing colored sub¬ 
stances or colored glasses into the path of the light, and reducing 
the light on the side of the standard^^ Avith a rheostat resistance 
in order to obtain more accurate reading in the presence of colors. 
We hope also that ultimately a colorimeter may be made of this 
same apparatus. 


SXJMMAKY. 

The photometric oil spot is applied to the turbidimeter to 
balance intensities of illumination, in measuring turbidities. A 
device is made in which thin columns of substance can be used 
and a system of standards is arranged. 


Suggested by Professor W. F. Sudro of this laboratory. 



THE CHEMICAL ISOLATION OF VITAMINES. 

By C. N. MYERS and CARL VOEGTLIN. 

{Fr07n the Division of Pharmacology, Hygienic Laboratory, United States 
Public Health Service, Washington.) 

(Received for publication, February 3, 1920.) 

The existence of at least three vitamines, namely the anti¬ 
scorbutic,, the so called fat-soluble, and the antineuritic, is known 
at the present time. This paper deals principally with the anti¬ 
neuritic vitamine. 

The important stage in the chemical investigation of this sub¬ 
stance began with the classical research of Eijkman in 1897, who 
was able to show that rice polishings contain the antineuritic 
vitamine and that this substance is dialyzable and not precipitated 
from its solution by alcohol. Eijkman’s work stimulated Funk 
to attempt the chemical isolation of the substance. In a series 
of researches he established the following facts. Fhst of all he 
found that the curative substance is of a simple nature, as yeast 
can be hjYlrolyzed for 24 hours with 25 per cent sulfuric acid with¬ 
out causing the destruction of its vitamine. The active substance 
is precipitated by phosphotungstic acid and is mainly found in 
the silver nitrate-baryta fraction, when subjected to silver pre¬ 
cipitation. This fraction contains thi’ee classes of biological 
products; namely, the histidine, P 3 nimidme, and nicotmic acid 
^groups. On working up these fractions from yeast Funk isolated 
three substances which on analysis ^delded the following for¬ 
mulas: C 24 H 19 O 9 N 5 , C 23 H 23 O 9 N 5 , and C 6 H 5 O 2 N (nicotinic acid). 
By using the same or similar methods, Suzuld, Shimamura, and 
Odake, Yedder and Williams, and Edie, Evans, Moore, Simpson, 
and Webster were also able to isolate more or less active vitamine 
fractions from active raw material. Similar fractions were ob¬ 
tained hj Funk from milk, brain, Ihne juice, rice polishings, and 
cod liver oil. 
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The fact that the antinexiritic vitamine is precipitated from its 
solution by reagents, which as a rule precipitate basic substances, 
and the observation that the active, purified fraction contained 
nitrogen led Funk to the adoption of the term vitamine, a ter- 
minology which future work may perhaps prove to be incorrect 
from the standpoint of chemical nomenclature. 

The work of the chemical isolation of vitamine up to 1913 had 
thus lead to a considerable increase in our knowledge of the 
chemical character of the antineuritic vitamine, but satisfactory 
methods for the preparation of the substance in a pure form 
and in large amounts were still lacking. In 1913 the United 
States Public Health Service extended its investigations of the 
etiology of pellagra on account of the menacing increase in this 
disease in the southern states. One of us (Voegtlin) began a 
study of the nutritional conditions in these districts, followed 
early in 1914 by a chemical study of the possible etiological 
factors of this disease. That the disease might be due to the 
deficiency of certain factors of the vitamine type as suggested 
by Funk had been early recognized by Voegtlin, who undertook 
extensive animal experiments in this connection. With the same 
purpose in ^dew, -work was also begun in this laboratory on new 
methods for the preparation of highly active vitamine prepa- 
ration in relatively large quantities for the treatment of pellagra. 
As the first result of this "work, Seidell succeeded in obtaining a 
very active preparation by treating filtered autolyzed yeast with 
fullers^ earth. This active preparation can be obtained easily 
on a large scale and was used for the treatment of pellagra 
patients by Voegtlin, Neill, and Hunter. 

In the experimental work, part of which the authors of the 
present paper are about to describe and which covered a period 
of several years, brewer’s j^east was also made use of as a raw 
material for the antineuritic vitamine. Nearby breweries fur¬ 
nished an ample supply of bottom yeast, which was pressed into 
a cake by means of a filter press before additional fermentation 
had taken place. 

The yeast was then placed in a hot room (40*^0.), in alcohol 
barrels as containers, and allow'ed to autolyze. 200 cc. of chloro¬ 
form were used for every 100 pounds of yeast. Aiitolysis waf^ 
usually complete in about 36 hours, at which time the thin liquid 
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was run tliroiigli the filter press yielding a clear dark liquid with 
a specific gravity of about 1.01. This liquid was used as the 
source of material in the early work, even though it was finally 
found to be very unsatisfactory on account of its, chemical com¬ 
plexity. 


Extraction with Olive OiL 

When autolyzed yeast filtrate is treated with concentrated 
hydrochloric acid, a heavy, flocculent precipitate is obtained. 
It was found in connection with the yeast filtrates used in this 
laboratory that 40 cc. of concentrated acid were necessary for 
com'plete precipitation of 1 liter of filtrate. This material is 
easily filtered off and amounts to about 4.35 per cent of glue-like 
material, giving the common protein reactions. In all the work 
w^hich is described in the following pages, the yeast filtrate was 
treated in this manner. It was found that this filtrate could be 
kept for a period of at least 2 years without losing its physio¬ 
logical activity, that it can be used for oral administration in the 
treatment of polyneuritis by neutralizing the acid with sodium 
hydroxide, and that it represents a suitable raw material for 
adsorption isolation experiments -when the hydrogen ion con¬ 
centration is adjusted by means of sodium borate. 

In view of the fact that in nature the antineuritic vitamine is 
closely associated with lipoids, the idea suggested itself that this 
vitamine might be soluble in fats. 

Autolyzed yeast filtrate was shaken with olive oil on a shaking 
machine uhtil an emulsion was formed, with 1 cc. of olive oil 
for each 4 cc. of yeast filtrate. The emulsion was allowed tO' 
stand until two distinct layers were formed and by means of a 
separatory funnel the oil layer was separated. The oil was 
filtered to remove a small amount of sediment and then taken 
up in eight or ten volumes of ether. 0.1 per cent hydrochloric 
acid was used for the extraction of the ether solution. The acid 
extract was slightly pigmented and was concentrated in vacuum. 
A heavy precipitate was obtained with phosphotungstic acid, 
giving a deep blue color after the addition of sodium carbonate. 
An insoluble precipitate is formed with picric acid. The biuret 
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test is negative. The extract promptly relieves the polyneuritic 
symptoms of pigeons. 

The same results are obtained by the use of oleic acid instead 
of olive oil. 

Dried YeasL 

After several unsuccessful attempts to remove impurities from 
the products obtained by extraction, the following method was 
used with a considerable degree of success. Dried brewer^s 
yeast w^as selected as the source of material. The yeast as it 
was obtained from the brew'ery was pressed until it crumbled 
easily betw^een the fingers. It was broken into small particles 
and dried with a current of air at ordinary temperature, which 
required 36 to 48 hours. This dried product retains its activity 
for many months if stored in a dry place. 

Dried yeast prepared in this way was ground in a mill re¬ 
peatedly until a very fine powder was obtained. This was 
placed in a balloon flask of suitable size with reflux condenser, 
and extracted with 95 per cent methyl alcohol in the proportion 
of 2 cc. of alcohol for each gm. of yeast. 1 cc. of concentrated 
hydrochloric acid was added for each liter of alcohol used in the 
extraction. The contents of the flask were heated to boiling on 
the water bath for 3 hours and the soluble part was filtered off 
by means of suction. The residue was washed once with 1 cc. 
of hot methyl alcohol per gm. of yeast. The yeast was then 
extracted a second time using the same proportions of solvent. 
The extracts were combined and the alcohol was removed in 
vacuum at 35°C. The w^ax-like residue was repeatedly extracted 
with ether and 0.1 per cent hydrochloric acid, the volume being 
kept as small as possible. The final acid extract should never 
exceed 2 cc. for each gm, of yeast. The acid aqueous extract is 
always tested on polyneuritic birds for its activity and then it is 
purified as described below. 

Hot aqueous silver acetate is added to the extract until pre¬ 
cipitation is complete by testing a small portion in a test-tube. 
This purine precipitate, wdiich also contains AgCl, is carefully 
washed with distilled water. Only a small amount of the active 
material passes over into this purine fraction. 
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A large excess of silver acetate was then added to the filtrate 
from the purine precipitate, followed by saturated barium by- 
droxide solution until the mixture was distinctly alkaline to 
litmus. The precipitate was filtered and carefully'washed with 
cold distilled water. Considerable precipitate is produced in this 
manner, and additional precipitate may be obtained by further 
addition of baryta. 

The silver-baryta precipitate containing the vitamine and some 
other extraneous material was suspended in water and made dis¬ 
tinctly acid with sulfuric acid. The predpitate was then decom¬ 
posed with hydrogen sulfide with occasional stirring in order to 
break up an^^ lumps. A slightly pigmented filtrate was obtained 
after removing the silver sulfide. The excess hydrogen sulfide 
was removed in vacuum and the filtrate was then treated with a 
slight excess of lead acetate to remove the sulfuric acid. The 
lead was removed by hydrogen sulfide and the filtrate concen¬ 
trated in vacuum at with a small amount of ethjd alcohol 

to aid the distillation. Up to this stage practically none of the 
activity is lost. This concentrated solution of vitamine and 
impurities was then treated with mercuric sulfate prepared ac¬ 
cording to the directions of Kossel and Patten. A pale yellow 
precipitate was formed upon the addition of the mercuric sulfate, 
which was filtered off and washed with a small amount of ice 
water. This precipitate represents the histidine fraction and does 
not contain active material. The filtrate containing an excess 
of mercuric suKate was treated with absolute ethyl alcohol until 
precipitation was complete. This precipitate was pale yellow 
and contained the bulk of the active material. The degree of 
separation in this last procedure is influenced by two factors, (1) 
the concentration of excess mercuric sulfate present and (2) the 
final concentration of ethyl alcohol. If these adjustments are 
right, none of the active material remains in the alcoholic filtrate. 
The alcohol-insoluble precipitate was suspended in water and 
the mercury was removed by means of hydrogen sulfide. The 
filtrate from the mercuric sulfide was freed of hydrogen sulfide in 
vacuum. The sulfuric acid was removed by means of lead ace¬ 
tate, and the excess lead by hydrogen sulfide. 

By eliminating the first lead treatment the process might be 
shortened, but it was found that this would lead to considerable 
pigment passing over into this fraction. 
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This solution was concentrated in vacuum_ at a low tempera¬ 
ture. This fraction gives a purple solution when tested with 
ninhydiin. Phosphotungstic acid gives a heav^^ precipitate^, 
slightly soluble in an excess of the reagent, with only a slight 
blue color upon the addition of saturated sodium carbonate. 
With diazotized sulfanilic acid and sodium carbonate a reddish 
brown color was obtained. The biuret test was negative. The 
solution does not 3 deld a precipitate with picric acid. The solu¬ 
tion was highly active when tested on poljmeuritic birds. If 
the solution is concentrited in vacuum, over soda lime, a defi¬ 
nitely crystalline product is obtained wdiich shows activity as 
long as the crystals are surrounded with the mother liquor. The 
material was soluble in methyl alcohol and yielded a soluble 
hydrochloride. As soon as the crystals are washed with absolute 
eth^d alcohol and dried, the physiological activity is lost and the 
crj^stal form changes from spindles to prisms. When the prisms 
are redissolved in a relatively large volume of water and again 
allowed to cr 3 ^stallize, the spindle-shaped crystals are reformed. 
It seems probable that there are at least two substances in the 
final solution both of a distinctly basic character. Work is being 
continued on this subject, the material being tested as a pro¬ 
tective product. It is realized that the activity may be in the 
non-cr^’^staUizable mother liquor as well as in the ciu^stals. 

One of the impurities is a histamine-like substance, as shown 
by the positive Paul^^ reaction. Voegtlin and Mj^ers have re¬ 
cently shown that the active fractions possess physiological ac¬ 
tivity when introduced intravenously into dogs. There is a fall 
of blood pressure and a stimulation of pancreatic and bile secre¬ 
tion following the injection of this material. It is possible that 
this stimulating action on pancreatic secretion and the fall in 
blood pressure are actually due to the presence of traces of hista¬ 
mine or a histamine-like substance in these fractions, as according 
to Abel and Kubota histamine is very widely distributed in 
animal tissues and probably also in vegetable cells. 

SUMMABY. 

Autolyzed yeast filtrate on account of its complexity represents 
an unsatisfactory material for the chemical isolation of the anti- 
neuritic vitamine. Mastic, Lloyd^s reagent, and ferric phos- 
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phatej in experiments which, because of their negative outcome, 
it has not seemed desirable to detail, have been found unsatis¬ 
factory adsorbing reagents because they lack specificitju These 
reagents remove also inactive basic material which cannot be 
separated by our present methods from the active material. 
Olive oil and oleic acid remove the antineuritic substance from 
autolyzed yeast filtrate, thus showing that it is fat-soluble as well 
as water-soluble in the form of a crude extract. Stachhydrine, 
trigonelline, and allied betaines show no antineuritic activity. 
Histidine and its esters are likewise inactive. 

The active material is readily extracted from dried yeast by 
means of acid methyl alcohol. It can be purified by use of the 
Funk silver method and the mercuric sulfate procedure, 3 ieldmg 
an apparently crystalline active substance. This substance be¬ 
comes inactive upon drying and it is believed that impurities still 
remain which can be I’emoved with additional modifications of 
the method described in this paper. The present method elimi¬ 
nates purines, histidine, proteins, and albumoses, leading a liquid 
that can be crystallized and probably contains histamine or 
histamine-like substances. The physiological action of the active 
fractions resembles that of extracts obtained from the mucosa of 
the small intestine, when the intestinal and yeast extracts are 
purified in the same manner. 
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OSMOTIC PRESSURE OF SERUM AND ERYTHROCYTES 
IN VARIOUS VERTEBRATE TYPES AS DETERMINED 
BY THE CRYOSCOPIC METHOD, 

WITH A NOTE ON THE EFFECT OF FREEZING ON THE 
ARTERIAL BLOOD OF THE RAT. 

By J. B. COLLIP. 

(From the Laboratories of Biochemistry and Physiology, University of Alberta^ 
Edmonton, Canada,) 

(Received for publication^ February 25, 1920.) 

It is generally assumed that the osmotic pressure of animal 
cells is approximately^ equal to that of the body fluids which 
bathe them. Thiis according to Mathews (1), ^^4nimal cells 
presumably have an osmotic pressure approximately equal to 
that of the circulating liquids like the blood. 

It would appear that the blood itself is an ideal tissue in which 
to study relations in osmotic tension between the cells and the 
surrounding fluid medium, the plasma, or in the case of defibri- 
nated blood the serum. The results of a series of determinations 
of the freezing points of whole blood (defibrinated), blood serum, 
and corpuscles of various vertebrate types are recorded in Table 
I. In this series of papers we have accepted the assumption that 
the difference, A, between the freezing points of a solution and that 
of water is a measure of the osmotic pressure of the solution. 

The blood samples were obtained in various ways, but in every 
instance the sample corresponded to the arterial type, before the 
readings were taken. In the case of the sheep the samples were 
drawn from the external jugular vein of the normal animal. The 
samples of dog blood were taken from the femoral vein w^hile the* 
animal was under light ether anesthesia. Ox blood and pig blood 
were obtained from the abattoir at the time the animals were bleed¬ 
ing freely from the carotid artery and jugular vein. Samples were 
obtained from rabbits, birds, and turtles by bleeding from the 
carotid, the animal being first stunned by a blow on the head. The 
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samples of liumaii blood were taken from the median basilic vein. 
All samples were either aspirated directly into a thick -^vailed, 
cleaiij drjj pressure filter, receiving flask containing clean, dry, 
glass beads, or else caught in the same by allowing the blood to 
trickle through a paraffined glass funnel. The samples were 


TABLE I. 


Type. 

A serum. 

A defibrinated 
blood. 

A corpuscles. 

Difference 

between 

A serum and 

A corpuscles. 


“C. 

"C. 

"C. 

“C, 

Sheep.... 

0.621 

0.599 

0,582 

0.039 


0.575 


0.538 

0.037 

Rabbit. 

0.615 

0.585 

0.570 

0.045 


0.665 

0.625 

0.607 

0.058 

Dog. 

0.647 


0.581 

0.066 


0.630 

0.585 

0.605 

0.025 

Cat. 

0.6S 


0.605 

0.075 


0.69 


0.645 

0.045 

Man. 

0.585 

0.555 

0.520 

0.065 


0.655 


0.617 

0.038 


0.615 

0.586 

0.563 

0.052 

Pig..... ■. 

0.600 

0.5S5 

0.575 

0.025 


0.605 

0.585 

0.575 

0.030 


0.601 

0.585 

0.582 

0.019 

Rat. 

0.619 

1 

0.582 

0.037 

Kitten. 

0,636 


0.612 

0.024 

Ox. 

0.598 

0.568 

0.547 

0.051 

Fowl. 

0.650 

0.640 

0.630 

0.020 


0.652 


0.618 

0.034 

Pigeon.. 

0.633 


0.590 

0.043 


0.690 


0.621 

0.069 

Turtle. 

0.522 


0.480 

0.042 
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•shaken in the open flask for about 5 minutes. In those instances 
in which the A of whole blood was determinedj the sample for 
this purpose was taken at this point. The defibrinated blood was 
at once centrifugedj the serum and corpuscles were pipetted off 
into cieaBj dry tubes, and readings taken immediately. When 
blood samples were obtained at the abattoir a delay of about 2 
hours occurred between the time of sampling and defibrinating, 
and the centrifuging. In as far as the A of a physiological fluid 
is a reliable index of the osmotic pressure of the same, it follows 
from the results of this series of experiments that the osmotic 
pressure of the contents of the red cells is in all instances, lower 
than that of the corresponding serum, w^hile that of the whole 
blood falls between these two values. Stewart (2) found that 


TABLE II. 


Experiment No, 

A serum. 

A corpuscles. 



"C. 

1 

0.607 

0.577 

2 

0.5'39 

0.519 

3 

0.591 

0.573 

4 

0.586 

0.570 


the A for the whole blood was 0.628®, that for corpuscles 0.597®C. 
Moore and Boaf (3), working with the blood of the pig, found that 
the A for the serum was always slightly higher than that of the 
erythrocytes. Their results are given in Table II. 

They also found that when pig corpuscles were allowed to come 
into equilibrium with various salines, and afterwards separated 
from the same by centrifuging, the A for the cells w^as always in 
excess of that of the saline. The result of one such experiment 


by these authors follows. 

“C. 

A original saline solution. 0.983 

A after admixture and centrifuging. 0.847 

A corpuscles after admixture and centrifuging. 0.788 

Difference.0.059 


The results which are reported in Table I would therefore 
corroborate the findings of Moore and Eoaf (3), as regards the 
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variation in osmotic tension between the red cells and serum of 
the pig. This difference in osmotic pressure between the erythro¬ 
cytes and the serum, which in the case of the pig blood was found 
to be comparatively small, varies considerably in the different 
types studied. 

The maximum difference found bet'ween the A for serum and 
corpuscles is 0.075°C. in the case of cat, the minimum being 0.019°C. 
in pig. The average difference in the twenty-tw^o experiments 
quoted is 0.043®C. Assuming that differences in A represent 
actual differences in osmotic pressure, the above average differ¬ 
ence in A would present a difference of approximately 400 mm. 
of mercury between the osmotic pressure without, and within, 
the red cell. The depression of the freezing point of the centri¬ 
fuged corpuscles was found in no instance to be equal to or greater 
than that of the corresponding serum. This being the case it 
is therefore established, providing always that the cryoscopic 
method is a reliable index of osmotic pressure, that there is a 
definite and appreciable difference in the osmotic pressure of 
the red cells and the serum of the types studied. One %vould 
seem justified also in concluding from the data furnished by these 
experiments that this variation in osmotic pressure between 
red cells and serum, which are apparently in osmotic equilibrium, 
is general throughout the vertebrate class. 

It was found that laking of the corpuscles by repeated freezing 
and thawing did not have any appreciable effect on the A unless, 
however, one started with venous blood, in which case the depres¬ 
sion was less due to loss of carbon dioxide but after equilibrium 
w^as established the reading remained constant. A typical ex¬ 
ample of this is quoted. 

“( 7 . 

Sheep blood, red cells (venous) first freezing. 0.oG2 

“ laked by alternate freezing 
and thawing, and agitated for 15 minutes with stirrer, 0.536 

The effect of the carbon dioxide content on the freezing point 
was also tested in another manner. Blood drawn from the j iigular 
vein of a sheep was divided into two portions after defibrination. 
Oxygen gas was bubbled through the one sample for 15 minutes, 
and through the other carbon dioxide gas was passed for a like 
period of time. The serum and corpuscles wmre then separated 
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by centrifuging and tlie depression of the freezing point of the 
respective serum and corpuscles • was determined. The results 
are as follows: 


Sample made arterial by oxygen gas 


teeils.. 
'Serum 


IS 


iS 


venous by carbon dioxide gas 


(Cells. 

\Serum.... 


0.59 

0.64 

0.65 

0.70 


Kovdcs (4) has previously showm that the addition of carbon 
dioxide to rabbit blood raised the A from 0.60 to 0.72°C. 

The effect of freezing at all temperatures from —6 to •-40°C. 
of oxygenated corpuscles wms found to be negligible. 

It is possible that the differences in osmotic pressure betw^een 
serum and corpuscles which are indicated by these cryoscopic 
studies do not exist under the conditions holding in the blood 
stream of the normal animal. 

The ease with which crystalline oxyhemoglobin of the rat blood 
can be obtained was constantly demonstrated in the freezing of 
the erythrocytes of this animal. While there was slight tendency 
for the oxyhemoglobin of other bloods to crystallize on .freezing, 
it was found that in the case of the rat cells practically the whole 
mass of oxyhemoglobin crystallized out with a single freezing, 
and that, instead of showing the characteristic laky appearance 
on thawing, the rat cells were pinky red in color as viewed in 
the glass container. Microscopic examination revealed the fact 
that almost complete crystallization of the oxyhemoglobin had 
occurred, many crystals being contained in the red cell envelopes. 
Rat erythrocytes which had been frozen could be mixed with sev¬ 
eral volumes of distilled water with only a trace of hemolysis 
being manifested, and the bulk of oxyhemoglobin crystals could 
be recovered again by centrifuging or allowing sedimentation to 
take place. Rat cells made venous in type by bubbling carbon 
dioxide gas through them previous to freezing were laked in the 
usual manner. 

SUMMARY. 


The results of the determination of the depression of the freezing 
points of whole blood, blood serum, and corpuscles in various 
vertebrate types are recorded. The A for corpuscles is always 
found to be lower than for the corresponding whole blood or serum. 
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The average difference in osmotic tension between the red cells 
and the serum in twenty-two determinations as calculated from 
the data obtained by the cryoscopic method is approximately 
400 mm., of mercury. 
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EFFECT OF DILUTION ON THE OSMOTIC PRESSURE 

AND THE ELECTRICAL CONDUCTIVITY OF WHOLE 
BLOODj BLOOD SERUM, AND CORPUSCLES* 

By J. B. COLLIP. 

{From the Laboratories of Biochemistry and Physiology, University of Alberta^ 
Edmonton^ Canada.) 

(Received for publication, February 25,1920.) 

It lias been shown by the author in Paper I that the osmotic 
pressure of the red cells is appreciably lower than that of the serum 
in all bloods studied. In the present paper there are reported a 
number of experiments in which the effect of dilution on the 
osmotic tension, and on the electrical conductivity of whole 
blood (defibrinated), blood serum, and corpuscles has been studied. 

The effect on the A of blood serum, whole blood, and blood 
corpuscles of dilution with an equal volume of distilled water is 
shown in Table I. It is found that, whereas in the case of blood 
serum the value for the A is decreased approximately 50 per cent 
as a result of twofold dilution, in the case of the corpuscles 
twofold dilution causes a decrease of from 57 to 60 per cent in 
the A. The effect of twofold dilution of whole blood was deter¬ 
mined in a few cases only. The decrease in the depression of 
the freezing point of whole blood diluted with an equal volume 
of distilled water is greater than in that of the serum similarly 
treated, but less than that of the corpuscles diluted twofold. 

It might be expected that in the case of a weak solution of 
electrolytes twofold dilution would result in the reduction of 
the osmotic tension of a unit volume to slightly over one-half 
the tension of the original solution. The increase in the degree 
of the dissociation as a result of dilution would cause a relative 
increase in the number of ions and thus the tension of the diluted 
solution would be more than half that of the original solution* 
The results indicate that blood serum behaves somewhat in this 
manner and probably whole blood and corpuscles do also, although 
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the primary survey of the readings would not so indicate. As 
blood corpuscles contain approximate^'' 30 to 40 per cent total 
solids, it is evident that when one dilutes 100 volumes of red cells 
with 100 volumes of distilled water, one obtains not a two» 


TABLE I. 


Type. 

Asemm. 

Aserum 

diluted 

twofold. 

Adefibri- 

nated 

blood. 

Adefibri- 

nated 

blood 

diluted 

twofold. 

Acorpus- 

cles. 

Acorpus- 

cles 

diluted 

twofold. 

X 



^C. 

“C. 

‘’C. 

“0. 

"C. 


Man. 

0.615 

0.337 

0.586 

0.265 

0.563 

0.244 

76.5 

steep. 

0.608 

0,309 



0.520 

0.223 

76.0 

Babbit. 

0.615 

0.320 

0.585 

0.277 

0.570 

0.240 

72.7 


0.625 

0.318 



0.588 

0.254 

77.8 

Dog. 

0.647 

0.327 



0.581 

0.254 

77.6 


0.630 

0.330 



0.585 

0.255 

77.2 

Cat... 

0.685 

0.345 



0.605 

0.255 

72.8 

Pig. 

; 0.600 

0.315 



0.575 

0.242 

72.6 


0.601 

0.315 

0.585 

0.265 

0.582 

0.245 

72.1 

Eat. 

0.619 

0.310 



0.582 

0.232 

69.1 

Kitten. 

0.636 

0.322 



0.612 

0.259 

73.3 

Ox. 

0.598 

0.306 

0.568 j 

0.276 

0.547 

0.220 

67.2 

Fowl. 

0.652 

0.330 

0.618 

0.295 

0.618 

0.242 

64.3 

3 pigeons. 

0.690 

0.343 



0.621 

0.262 

' 73.0 


0.633 

0.343 

1 


0,590 

: 0.248 

72.5 

Turtle. 

0.522 

0.255 

0,512 

0.231 

0.480 

0.192 

66.6 


fold dilution of the fluid fraction of the corpuscles but a much 
greater one. Thus if we assume that 25 per cent of the corpuscle 
is, as it were, framework and 75 per cent liquid, then on diluting 
100 cc. of red cells with 100 cc. of distilled water one actually 
dilutes the 75 cc. of liquid in the cells to 175 cc., so that the dilu- 
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tion is 3 to 7, If one does not allow for increase in the degree of 
dissociation of the electrolytes with twofold dilution or shrinking 
in actual volume occupied by the non-liquid portion of the red 


cell then the following formula should apply Ai = 



where x = actual liquid in the red cell, 

Ai = depression of freezing point for red cells, and 
A 2 = depression of freezing point for red cells diluted 
with an equal volume of distilled water. 

When this arbitrary formula is applied to the results recorded 
for A’s of red cells before and after dilution for purposes of com¬ 
parison, one finds that the value for x varies from 66.6 per cent 
in the case of turtle cells to 77.8 per cent in the case of rabbit 
cells, while in the case of most of the non-nucleated types of red 
cells the value for x approximates closely to 75 per cent. Irre¬ 
spective of in what state one may consider the protoplasm of the 
red cell to be (fluid, semirigid, or rigid), there is a certain frac¬ 
tion of its bulk which may be considered as framework, and it 
is the total bulk minus this factor which is in osmotic equilibrium 
wdth the surrounding serum. This latter fraction is approxi¬ 
mately 75 per cent of the volume of the red cell. The framework 
(the term used advisedly) would include the cell membranes, 
the stroma, and, what would be most important, the disperse 
phase of the colloidal complex within the cell. The liquid phase 
or the dispersion medium might be considered as holding in solu¬ 
tion the molecular and ionic dispersoids contained wdthin the cell 
membrane with the exception of any such portion of the latter 
class which may be present in the adsorbed state. 

The electrical conductivity of whole blood, blood serum, and 
erythrocytes of various vertebrate types both undiluted and 
diluted to various degrees was determined. The Kohlraiisch 
method w^as employed. Readings were taken at 37°C. and the 
specific conductivities calculated. The figures given in Table II 
are for specific conductivities multiplied by 10^. 

As has been shown by Moore and Roaf (1) and others, the 
specific conductivity for serum is several times that for corpuscles. 
This is due very largely to the mechanical effect of the want of 
homogeneity of the fluid in the electric field, as showm by Moore 
and Roaf (1). The fact that the specific conductivity for cor- 
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TABLE II. 


Specific Conductivities at S7° C. 


Type. 

Undiluted. , 

Degree of dilution. 

2-fold. 

4-fold. 

8-fold. 

I6-fold. 

32-foid. 

Human serum. 

1,582 

857 

450 

242 

129 

65 

defibrinated blood. 

693 

441 

294 

184 

103 

62 

corpuscles. 

47 

145 

154 

119 

71 

43 

Cat serum. 

1,714 

964 

505 

270 

140 

71 

defibrinated blood. 

873 

475 

330 

194 

109 

59 

corpuscles. 

94 

137 

187 

133 

71 

43 

Dog serum. 

1,543 

869 

475 

242 

126 

64 

defibrinated blood. 

475 

338 

254 

160 

92 

52 

corpuscles. 

45 

124 

167 

124 

76 

47 

Eabbit serum. 

1,542 

845 

457 

242 

125 

65 

“ defibrinated blood. 

616 

470 

300 

220 

114 

62 

corpuscles. 

82 

160 

1 208 

152 

96 

54 

Sheep serum. 

1,682 ' 

869 

471 

242 ' 

126 

64 

“ defibrinated blood. 

893 

546 

346 

197 

106 

58 

“ corpuscles... 

133 

206 

206 

131 

87 

47- 

Pig serum. 

1,582 

857 

463 

240 

125 

63 

defibrinated blood. 

725 

514 

331 

187 

110 

59 

corpuscles. 

75 

192 

229 

158 

80 

48 

Fowl serum.■. 

1,648 

884 

494 

257 

131 

67 

defibrinated blood....... 

694 

605 

350 

212 

110 

60 

corpuscles. 

69 

140 

111 

111 

65 

43 

Pigeon serum. 

1,581 

833 

460 

252 

131 

66 

“ defibrinated blood. 

685 


363 

199 

112 

62 

“ corpuscles. 

60 

147 

173 

147 

90 

46 

Turtle serum. 

1,323 

685 

369 

198 

102 

53 

defibrinated blood. 

822 

514 

301 

176 

93 

48 

“ corpuscles. 

81 

171 

182 

14E 

78 

44 
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puscles diluted several»fold with distilled water is always lower 
than the specific conductivity for serum or defibrinated whole 
blood at the same dilution would suggest that the ionic concen¬ 
tration within the corpuscle is less than that in the serum. It 
may be possible, however, as Moore and Roaf (1) have pointed 
out, that due to the adsorption of crystalloid by the colloid of 



Fig. 1. Pig blood at 37®C. Curve I = serum; II = defibrinated blood; 

III = red ceils. 


the hemolyzed red cells the movement of the ions in the electric 
field is so inhibited that the conductivity is much lower than it 
would be if the same eIectrol 3 rtes were held in solution in an equal 
volume of distilled water. What is probably of greater signifi¬ 
cance, however^ is the viscosity factor. This unfortunately could 
not be determined. The viscosity of the diluted corpuscles would 
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no doubt be in the earlier stages of dilution appreciably higher 
than that of the sera of equivalent dilution. 

The percentage of inorganic matter, exclusive of iron, in the 
red ceil was found by Schmidt (2) to be lower than that in the 
serum, 1,000 gm. of corpuscles yielding 7.128 gm. of ash, while 
1,000 gm. of serum gave 8.574 gm. of ash. Taking into account 



Fig. 2. Pigeon blood at 37°C. Curve I = serum; II = defibrinated blood; 

III = red cells. 


the specific gravity, 1.088 in the case of red cells, 1.029 in the case 
of serum, these figures would be corrected on the basis, of percentage 
volume to 7.74 gm. ofiash per 1,00.0 cc. of corpuscles and 8.82 gm. 
of ash per 1,000 cc. of serum—still a marked difference. 

; .Eesults; of quantitative analyses such, as these, would favor, 
the view’that: the total electrolyte content of the erythrocytes, 
per unit volume is less than that of the serum. 
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If we take into account the point urged earlier in this paper 
that a certain definite portion of the red cell protoplasm may¬ 
be considered as framework and, as such, actually reduces the 
fluid volume to approximately 75 per cent of the total bulk of 
the red cell, then it would follow that the concentration of electro¬ 
lyte in this fluid must be equal to, if not greater than, that in 



0 2 4 8 16 '32 

Degree ol* dilution 

Fig. 3. Human blood at 37°C. Curve I = serum; II = defibrinated blood; 

III = red cells. 

the serum, unless an appreciable part is in a state of adsorption 
at the membrane surface or with colloidal aggregates. 

Preliminary freezing, and thus laking, of the corpuscles causes 
an increase in their conductivity, as Moore and Roaf (1) have 
shown. Preliminary freezing prior to twofold dilution was shown 
to have a like effect. This is no doubt due to the fact that two- 
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fold dilution in most instances does not cause complete liemolysiSj 
whereas a combination of freezing and twofold dilution does. 
Figs. Ij 2, and 3 indicate that the conductivity of the red cells 
rises until hemolysis is complete, after which it falls in much the 
same manner as the serum. Table III indicates the effect of 
freezing on the conductivity of the corpuscles. 


TABLE III. 



Conductivity X 105 of 

Conductivity X105 of corpuscles 

Type. 

corpuscles alone. 

diluted twofold. 


Unfrozen. 

j Frozen. 

Unfrozen. 

Frozen. 

Rabbit....* 

82 

95 

160 

228 

Pig..... 

75 

117 

192 

260 


SUaLMAKY. 

The effect of dilution on the osmotic pressure and the electrical 
conductivity of whole blood, blood serum, and corpuscles is 
recorded. 

Twofold dilution of serum causes approximately a 50 per cent 
decrease in the osmotic pressure of the same. Twofold dilution 
of erythrocytes of both nucleated and non-nucleated types causes 
a decrease of 57 to 60 per cent of the original osmotic pressure to 
occur. 

Tables and charts are shown indicating the changes in conduc¬ 
tivity of serum, whole blood, and erythrocytes on dilution. 

A greater degree of concentration of electrolyte in serum than 
in the red cells seems to be indicated although the concentration 
of electrolyte in the liquid phase of the cell may be equal to, if 
not greater than, that in the serum. 
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OSMOTIC PRESSURE OF TISSUE AS BETERMIWED BY 

THE CRYOSCOPIC METHOD. 

By J. B. COLLIP, 
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(Received for publication, February 25, 1920.) 

It has been shown by Sabbatani (1) that the osmotic pressure 
of tissue can be determined by the simple expedient of packing 
the tissue about the bulb of the Beckmann thermometer con¬ 
tained in the usual form of freezing tube. The tissue, after it has 
supercooled to a certain degree, suddenly freezes, and the highest 
point to which the mercury rises in the capillary tube of the ther¬ 
mometer is read off, the A thus being determined as in the case of 
liquids. This method has been applied by Moore (2) in a study of 
the effects of fatigue on the osmotic pressure of the muscle tissue 
of the frog. 

The constant deviation of the osmotic pressure of the ery¬ 
throcytes from that of the serum in various vertebrate types 
observed by the author, and dealt with in detail in Paper I, is 
suggestive that such differences in osmotic tension might be met 
with elsewhere, such as between blood and tissue fluid or lymph, 
or between tissue fluid and the cytoplasm of the cellular elements 
of the various tissues. The results of the experiments which are 
reported in this paper suggest that there are actual differences in 
the osmotic tension of the various tissues, and that of the blood 
and lymph, and also that there may be an actual difference in 
osmotic tension between one tissue and another. 

The A for lymph is as a rule practically the same as that for 
serum, but slightly higher than that for defibrinated blood. One 
may therefore assume that the osmotic pressure of the tissue fluid 
which bathes the cells is approximately the same as that of the 
blood. 
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The material studied by the cryoscopic method in this investi¬ 
gation consisted of various tissues and the whole blood of the cat 
and dog. The blood was aspirated from a large vein while the 
animal w^as under ether anesthesia, and defibrinated by shaking 
with glass beads in an open flask. The tissues ■were taken when 
possible while the animal was anesthetized, but failing this they 
w’ere removed as speedily as possible immediately after death. 
The tissues were passed at once through a meat grinder, and from 20 
to 30 gm. of the minced tissue transferred to the freezing tube, and 
the A was determined immediately. The results of four experi¬ 
ments are given in Table I. 


TABLE T, 


Tissue. 

Experi¬ 
ment 1. 
Dog. 

A 

Experi¬ 
ment 2. 
Dog. 

A 

Experi¬ 
ment 3. 
Cat. 

A 

Experi¬ 
ment 4. 
Dog. 

A 


“C. 

“C. 

"C. 

“C. 

Whole blood. 

Lymph. 

0.61 

0.63 

0.64 

0.63 

0.82 

Heart. 

0.77 

0.81 

0.86 


Lung. 

0.77 

0.74 


0.86 

Spleen. 

Liver.. 

0.77 

0.75 


0.87 

0.91 

Muscle (thigh, abductors). 

Brain. 

0.84 

0.85 

0.76 


0.94 


It wdll be noted that in all instances w^here the A for a tissue 
has been determined it is invariably higher than that for defibri¬ 
nated blood, the difference being very marked in each case. 

In Experiments 1, 2, and 3, the animals w’-ere under ether anes¬ 
thesia, while in Experiment 4 the animal was placed under ether 
anesthesia, then 20 per cent ethyl alcohol in 0.9 per cent sodium 
chloride was given intravenously, and the ether discontinued. 
The samples were taken after a period of 5 hours of alcohol 
anesthesia. The high A recorded for whole blood was due in this 
instance to the alcohol held in solution in the blood. 

It is freely admitted that the A for tissue determined in the 
manner outlined above may not be an absolute index of the 
osmotic pressure of the same in the intact animal. The difference 
between the A of tissue and that of blood is such, however, that 
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a higher osmotic pressure within the tissue cell than without would 
seem probable. This it be noted is the reverse condition to 
that found to exist between the red blood cells and the serum. 

It is possible also that a certain portion of the molecular and 
ionic constituents of the tissue which effect the depression of the 
freezing point of the same are inactive osmotically within the 
living tissue, being held in restraint in the form of adsorption 
layers at the interfaces as suggested by Macallum (3). 

Another point which has to be considered is the actual volume 
of fluid in the tissue cell. It is this which must be in osmotic 
equilibrium with the tissue fluid without. 

It has been shown in Paper II that t-wofold dilution of red cells 
causes a decrease of from 57 to 60 per cent in the osmotic pressure 
while in serum diluted twofold the A is low'ered 50 per cent. It 
has been found that tissue reacts similarly to the erythrocytes 
on dilution as the results reported in Table II indicate. 


TABLE II. 


Experiment 1. Cat. A 

Experiment 2. Dog. A 

Muscle.0.98 

diluted twofold.0,39 

Heart.0.74 

‘‘ diluted twofold.0.31 


This is a decrease in the A as a result of twmfold dilution with 
distilled water, of 60 per cent in Experiment 1 and of 58 per cent 
in Experiment 2. The application of the arbitrary formula sug- 

gested in Paper II A i = A 2 ^ gives in the first instance 

X 

a value of 66 per cent for actual fluid in the tissue, and 72 per cent 
in the second instance. If the osmotic tension of the fluid within 
the cell is approximately the same as the tissue fluid or l>unph 
without, it follows that the quantity of electrolytes held in the 
tissue, but removed from the sphere of osmotic activity, must be 
considerable. It has been pointed out by Moore and Roaf (4) 
that osmotic equilibrium between two media does not necessarily 
imply that the osmotic tension of each is identical. It is quite 
possible therefore that the osmotic tension within the tissue cell 
is greater than without, and at the same time a condition of os- 
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motic equilibrium may exist between the cytoplasm of the cellular 
elements of the tissue and the tissue fluid. The A for tissue is 
higher than that for blood, due chiefly to the fact that there is 
more non»electrolyte in the former than in the latter. This is 
illustrated by the following experiment. 

A dog was placed under ether anesthesia, and a sample of venous blood 
taken; this was deflbrinated at once. The thorax was then opened, and 
the heart excised while still beating. The heart freed of blood, as far as 
possible, was at once frozen solid-by placing in a ""20°O. atmosphere out 
of doors. The frozen heart was then allowed to thaw. It was finally 
passed through a meat chopper, and the minced tissue was weighed, and 
mixed thoroughly with four times its weight of distilled water. The mix¬ 
ture was divided into two portions A and B. The A of an aliquot of Sample 
A was then determined, while the remainder of this specimen was allowed 
to stand in a cool place for 2 hours. It was then centrifuged, the super¬ 
natant fluid pipetted off, and its electrical conductivity determined at 37°C. 
by the Kohlrausch method. Specimen B was autoclaved at 117°C. for a 
period of SO minutes. It was then centrifuged and the A and electrical 
conductivity of the clear supernatant fluid were determined. 

The specimen of deflbrinated blood was diluted with four times its 
weight of distilled water, and then autoclaved for 30 minutes as in the case 
of Specimen B of heart tissue. The A and electrical conductivity of the 
supernatant fluid obtained after centrifuging were also taken. The 
results are shown in Table III. 


TABLE III. 



Sample A. 

1 

Sample B. 

Blood. 

A heart muscle and blood, °C . 

A specific 

0.158 

0.159 

0.142 

conductivity X 10® .. 

343 

363 

425 


It will be noticed that autoclaving did not produce an appre¬ 
ciable difference in the A while the specific conductivity of the 
clear fluid obtained on centrifuging was definitely increased. 
This latter effect has probably a double cause due to the removal 
of the bulk of the colloidal material as a result of coagulation of 
the protein, and the more thorough extraction of the tissue. 
This increase in the specific conductivity while definite is, how¬ 
ever, not relatively very great. Such wide differences as regards 
electrical conductivity of extracts between tissue and blood as 
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are noted in the last experiment quoted were not always mani¬ 
fested, The specific conductivity of the blood extract wasj 
howeveij in all cases higher than that of tissue extract^ while the 
A for the former was less than that of the latter, as the results of 
a typical experiment indicate (Table IV). 

TABLE IV. 


Dog under Ether. 


Extract plus four times weight of distilled water. 

A 

Specific coa- 
I ductivity 

X 105. 

Blood... 

°C. 

0.148 

456 

Pancreas. 

0.188 

395 

Muscle (thigh, abductors). 

0.177 

386 

Spleen. 

0.185 

411 

Kidney... 

0.188 

425 

Heart..... 

0.183 

427 



The fact that the A for tissue is higher than that for blood and 
also that the A for tissue mixed with a definite amount of distilled 
water is greater than that for blood similarly treated, indicates a 
higher concentration of total solutes in the tissue than in the 
blood. On the other hand the lower specific conductivity of 
tissue extracts, made as described above, compared with blood 
extracts so made, probably indicates that the free electrolyte in 
the tissue is not in excess of that of the blood, or that it may be 
even less in amount. A further experiment, the results of which 
indicate that the total solute concentration in the tissue is higher 
than that of the blood, is quoted. 

The heart of a cat was excised, weighed, minced, and mixed with four 
volumes of distilled water. The mixture was autoclaved for 30 minutes 
at 117®C, It was then filtered, and an aliquot volume of the filtrate 
reduced on the water bath to an aliquot weight of the original tissue. The 
A for this was then taken; it was 0.75°C., a reading much higher than is 
ever given by normal cat blood. 

It may be urged that in all the experiments quoted sufficient 
autolysis might occur during the period which elapses between 
the time of sampling and the actual recording of the depression of 
the freezing point to account for the difference between the A of 
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tissue and that of blood. While there can be no doubt that a 
slight increase in the A would be caused by autoljsis^ yet it is 
the opinion of the author that the differences observed in the A 
for tissues and that for blood are such as to indicate that a definite 
difference in actual solute concentration does exist between the 
cytoplasm of the tissue cells and the blood or lymph. The pres¬ 
ence of amino-acids in the tissue in much greater concentration 
than in the blood (5) would account in part at least for this differ¬ 
ence in concentration with regard to the total solutes. 

SUMMARY. 

The A for tissue is higher than that for blood or lymph. 

The specific conductivity of tissue extracts is lower than that 
for the blood extracts similarly prepared. 

The results recorded point to a higher osmotic tension within 
the tissue cell than in the blood or lymph. 

The concentration of non-electrolyte is greater in the tissue 
cell than in the blood or lymph. 

The concentration of electrolyte is probably greater in the blood 
than in the tissue. 
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MAIHTEMAMCE OF OSMOTIC PRESSURE WITHIM THE 

NUCLEUS. 

By J. B. COLLIP. 

(From the Laboratories of Biochemistry and Physiology, Unimrsity of 
Alberta, Edmonton, and the Department of Biochemistry, 
University of Toronto, Toronto.) 

Plates 1 to S. 

(Received for publication, February 25, 1920.) 

It is generally understood that there is a state of osmotic equi¬ 
librium existing between the blood plasma and the tissue fluid 
from which it is separated by the endothelial wall of the capil¬ 
lary, and between the tissue fluid and the cytoplasm of the tissue 
cells which are separated by the limiting layer of the individual 
cells. It is also apparent that a condition of osmotic equilibrium 
must exist between the cytoplasm of the tissue cells and their 
respective nuclei. It has long been known that the amount of 
any one element or salt may vary in different tissues. We may 
take for example the difference in concentration of sodium and 
potassium in the serum and in the red cell. Microchemical in¬ 
vestigations by Macallum (1) have shown that there is a definite 
distribution of certain ions in each tissue, and the type of dis¬ 
tribution of one particular ion in one tissue is not necessarily the 
same as that in another. Moore, Eoaf and Webster (2) have 
attributed the specific differences, both quantitative and qual¬ 
itative, in the electrolyte content of different tissues to special 
affinities between colloids of various types and electrolytes of 
various types. 

It has been found by the author in a microchemical study of 
various tissues, following the methods evolved by Macallum (1)^ 
that the nucleus is free from potassium, chlorine, phosphate, and 
carbonate ions, thus confirming the observations of Macallum. 
Results such as these suggest one of two things: either the 
nucleus is electrolyte-free, or the technique followed in the course 
of such microchemical investigations is not sufficiently perfect to 
demonstrate electrolyte in all instances where it actually occurs. 
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The tissue to be studied was removed from the animal while 
under ether anesthesia or else cut away as quickly as possible 
after the animal had been stunned by a blow on the head. A 
small block of the tissue was then transferred to the chilled stage 
of a freezing microtome which was inclosed in an asbestosdined 
box fitted with a plate glass cover. The process of freezing was 
almost instantaneous. Distilled water was used to make an 
ice embedding about the block of tissue. Ten micron sections 
were cut, a chilled knife being used. The sections weie taken up 
on camel’s hair brushes, previously moistened with distilled water 
and subsequently frozen, and dropped while still frozen into the 
reagent which was contained in a porcelain basin within the 
freezing chamber. The air within the freezing chamber was 
kept well chilled by means of an additional carbon dioxide spray. 
This latter was also used for chilling the sectioning knife. 

When this technique is followed one obtains very clear-cut 
localizations of potassium, chlorine, phosphate, and carbonate, 
such as have been described by Macallum (1) and the nuclei 
throughout appear to be free of electrolyte. 

The evidence such as is furnished by microchemical investigation 
points to the absence of the common inorganic electrolytes from 
the nucleus. It may be suggested that failure to obtain a reaction 
in the nucleus for ions which have been localized elsewhere in 
the tissue may be due to non-penetration of the reagent into the 
nucleus on account of impermeability of the nuclear membrane. 
The answer to such a criticism wmiilcl be that in the method of 
sectioning outlined above one is certain to cut through nuclei 
on several occasions and in such cases the permeability of the 
nuclear membrane to the precipitating reagent, such as cobalt 
sodium hexanitrite, or silver nitrate, could not be considered as 
a factor niodif 5 ing any nuclear reaction which might otherwise 
occur. 

The writer is therefore of the opinion that the results of mi¬ 
crochemical investigations carried out as outlined above are 
adequate proof of the existence in the nucleus of only the slightest 
traces of inorganic electrolyte. This ■would seem to be a condition 
of marked significance, for, if the nuclear fiuid is in osmotic equi¬ 
librium with the cytoplasmic fluid and therefore has an osmotic 
tension approximate at least with that of the latter, this tension 
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must be maintained for the most part by non-electrolyte or 
organic electrolyte. It would follow from this that, since the 
concentration of electrolyte in "the nucleus is minimal, concen¬ 
tration of non-electrolyte must here be maximal. 

It has been shown in Paper III of this series that the concen¬ 
tration of free electrolyte in tissue is probably slightly less than in 
blood serum, but it is nevertheless true that the osmotic tension of 
the tissue as a whole is largely determined by the free electrolyte 
contained in the same. The nucleus, however, if electrolyte-free, 
must contain non-electrolyte in concentration equivalent to that 
of an approximately § molar solution. 

A number of photomicrographs and drawings of tissue sections 
which have been treated according to the technique previously 
outlined, with a view to localizing potassium, chloride, phosphate, 
and carbonate ions, are shown in Figs. 1 to 14. The nuclei of 
the tissue cells are in practically every instance conspicuous, due 
to the almost total absence of any reaction in them. 

It has been shown by Macallum and Collip (3) that there is in 
ganglionic nerve cells a substance (probably an hydroxy-benzene 
derivative) which will reduce silver nitrate in neutral solution. 
This substance is confined to the cytoplasm of the nerve cells of 
vertebrate types studied, while in the nerve cells of the leech it 
appears to extend out into the axon for a short distance (Fig. 1), 
The entire absence of any reaction with nitrate of silver in neutral 
solution within the nucleus is the point to be emphasized. This 
is shown quite distinctly in Fig. 2. The tissue in this instance is 
a terminal sympathetic ganglion adjacent to the cortical sub¬ 
stance of the suprarenal gland. Camera lucida drawings (Figs. 
3, 4, and 5) of ganglionic nerve cells which had been treated with 
silver nitrate in neutral solution also illustrate the absence of any 
nuclear reaction. Fig. 6 illustrates the distribution of chlorides 
in ganglionic nerve cell and fiber. It has been shown (4) that 
chlorides are present in the parietal cells of the gastric tubules in 
considerable quantity during the stage of active secretion, while 
during the resting stage they are present in these cells in traces 
only. In either phase, however, the nucleus is chloride-free. 
It was also demonstrated that phosphates and carbonates are at 
all times present in the parietal cells, irrespective of whether they 
are in the active or resting stage. Figs, 7 and 8 illustrate the dis¬ 
tribution of chlorides in the active gastric tubule of the dog. 
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The luminal half of the cells lining the tubules of the proven- 
triciiliis of the hen was found to show changes somewhat similar 
to those noted in the parietal cells of the mammalian stomach in 
regard to chloride content during the resting and active stages^ 
but here the localization is much more clearly defined, both as 
regards chlorides, and phosphates and carbonates. Figs. 9, 10, 
and 11 illustrate the peculiar type of localization. The nucleus 
is free from any reaction. 

At no time were the nuclei of any tissues studied found to be 
impregnated with ions of potassium, chlorine, phosphate, or car¬ 
bonate so as to give an appreciable reaction. 

It has been demonstrated by Macallum (5) that the cytoplasm 
as well as the nucleus of nerve cells is potassium-free. Fig. 12 
illustrates the distribution of potassium in the Gasserian ganglion 
of the dog. Brown (6) has shown that the nuclei of the cells of 
the renal tubule are potassium-free w^hile Defries (7) found no 
potassium in the nuclei of the salivary or pancreatic gland cells. 
Macallum (1) has found the nucleus free from all inorganic salt 
in tissues studied by him. 

It is, of course, impossible by microchemical methods to prove 
absolutely the absence of free inorganic electrolyte from the 
nucleus. The fact, however, that the ions of chlorine, phosphate, 
and carbonate are uniformly absent or present in traces only 
would point to the absence of balancing cations such as those of 
sodium, potassium, calcium, and magnesium. The absence of 
potassium from the nucleus is all the absolute data which is yet 
available as regards its cation content. 

The data w^hich have been presented would seem sufficient jus¬ 
tification for the theory that the nucleus is very low in total in¬ 
organic electrolyte content if not entirely electrolyte-free. 

Assuming that such is the case, what evidence is there at hand 
which will indicate the means by which the osmotic tension of 
the nucleus is maintained? 

The non-electrolytes or organic electrolytes which might 
possibly occur in greater concentration within the nucleus than 
in the cytoplasm, tissue fluid, or blood plasma are dextrose, urea, 
ammonium salts, organic acids (chief among which would be free 
amino-acids), and other organic substances of low molecular 
weight. 
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A certain amount of useful data would be fiirnislied by making 
ciiiantitative analyses for these various substances in the various 
tissues. Tissues in which the nuclei are large and make up an 
appreciable part of the total tissue bulk could be compared with 
tissues in which cytoplasm is far in excess of the nuclear elements. 

It has been found, using the Greenwald method (S), that the 
total non-protein nitrogen of avian blood is from three to five 
times as concentrated in the red cells as in the plasma, whereas 
in mammalian blood the differences noted are of ui absolutely 
different type. Similarly using the Van Slyhe and Meyer alcohol 
method (9) for estimating amino-acid nitrogen, it was found that 
the nitrogen gas evolved in 3| minutes at 22°C. from the alcohol- 
free extract of plasma and erythrocytes of avian blood, cal¬ 
culated as amino-acid nitrogen, gave a value from three to five 
times as great for the erythrocytes as the plasma., whereas in 
mammalian blood the amino nitrogen in the corpuscles w^as 
approximately the same as in the plasma. The results of these 
anatyses are showm in Table I. 

Constantino (10), using the formal method of Sorensen, found that mam¬ 
malian serum and corpuscles during fasting are constant in their amino-acid 
nitrogen. He found.4-4 mg. of amino-acid nitrogen per 100 gm. of dog 
serum and 3.2 mg. per 100 gm. of ox corpuscles. Van Slyke and Meyer (9), 
using the alcohol precipitation method, found 3 to 5 mg. of amino-acid 
nitrogen per 100 cc. of blood of dogs which had been fasting 20 to 24 hours, 
Constantino (10) reports finding 10 mg. of amino-acid nitrogen in 100 gm. 
of blood obtained from dogs during full digestion. Bock (11), using Ms 
own method, found an average of 7.47 mg. of amino-acid nitrogen per 100 cc. 
of dog blood and 8.43 mg. per 100 cc. of pig blood. Constantino (10) found 
3 mg. of amino-acid nitrogen in 100 gm. of turkey blood and 34 mg. in 100 
gm. of corpuscles. Bock (12) reports the amino-acid content of bird,blood 
as roughly three times as high as that of mammals. Thus he found the 
whole blood of the chicken to contain 23.79 mg. of amino nitrogen per 
100 cc. of blood divided as follows: 7.79 mg. in the plasma and 16 mg. in 
the cells. Bock (11) found 20.99 mg. of amino nitrogen as the avMage 
for 100 cc, of chicken blood, 21.32 mg. per 100 cc. of duck blood, 20 mg, 
per 100 cc. of turkey blood, and 18.6 mg. per 100 cc. of goose hlood. Wilson 
and Adolph (13) found the amino nitrogen of whole blood of fish to vary 
from 17 to 34 mg. while that in the plasma varied from 7 to 18 mg. 

In my own analyses the blood was oxalated as it was drawn. 
It was then centrifuged and the plasma and corpuscles were at 
once pipetted off into separate graduates. The results reported in 
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Table I may be a little low as, according to Bock (12), the alcohol 
precipitation method of Van Slyke and Meyer (9) is not abso™ 
lutely reliable due to adsorption of some of the amino-acids by 
the precipitated protein. The urea was not removed in the 
cases here reported nor was any calculation made to determine 
the amount of this constituent. 


TABLE I. 



Amino-acid N 
per 100 cc. 

Total non-protein N 
per 100 cc. 


wg. 

mg. 

mg. 

mg. 

Hen cells. 

37 

45 

126 


serum. 

9 

7 

35 


Duck cells... 

34 


128 


“ serum. 

6.5 


24 


Pigeon cells. 

36 


125 


serum... 

11.5 


35 


Turkey ceils.; 

36 

33* 

133 


serum. 

6 

10* 

26 


Sheep cells. 

5 


35 


serum... 

5 


23 


Dog cells. 



45 


serum. 



31 


Goose cells. 

35* 

35* 

135* 

120* 

serum... 

11 

12 

42 

29 


full digestion. 


When the actual bulk of the nucleus is taken into consideration 
there is suflBcient non-electrolyte or organic electrolyte (assuming 
the excess of total non-protein nitrogen in the nucleated red cells 
over that in the corresponding plasma to be largely confined to 
'the nucleus) within the nucleus to maintain an osmotic tension 
equal to that of the surrounding cytoplasm where the osmotic 
tension is, in large measure, due to inorganic electrolyte. 

That there is a definite nuclear membrane, the permeability 
of which must enter into any consideration of exchanges between 
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nucleus and cj^toplasm, is well established. Tlie author has 
been successful in dissecting nuclei free from nerve cells and pho¬ 
tographing the same while under the ultramicroscope. Fig. 13 
shows two such nuclei, the cytoplasm of which has been tom 
away, in the same field with a damaged nerve cell, the nucleus 
of which is still intact. The source of these nerve cells was a 
ventral ganglion of the medicinal leech. The absolute homo¬ 
geneity of the nucleus as viewed under the ultramicroscope stands 
in sharp comparison with the heterogeneity of the cytoplasm. 
Fig. 14 shows two normal nerve cells as photographed under the 
ultramicroscope. 

One finds in the case of tissue other than blood that the concen¬ 
tration of total non-protein nitrogen is far in excess of that in the 
blood and that the same is true of amino-acid. Van Slyke and 
Meyer (14) have found that the concentration of amino-acid in 
the tissue is normally from five to ten times that in the blood. 
They hold that the process by which amino-acids are taken up 
and held by tissue cannot be wholly osmotic and suggest either 
the possibility of mechanical adsorption of the amino-acid by 
the tissue or the formation of loose molecular compounds between 
the amino-acids and the tissue proteins. 

While there is no absolute justification for applying the con¬ 
clusions reached as regards the maintenance of the osmotic ten¬ 
sion of the nucleus of avian blood cells to nuclei of tissue generally, 
yet it would appear to the writer, in the light of microchemical 
studies -and of quantitative analyses of tissue, that in the nuclei 
of any tissue there is a higher concentration of total non-protein 
nitrogen and also of amino-acid than in the cytoplasm, the tissue 
fluid, or the blood. If the cell membrane is freely permeable to 
amino-acid, it is difficult to understand why there should be such 
a marked difference in the content of amino-acid in the blood and 
tissue. If, however, a large percentage of the tissue amino-acid 
could be shown to be confined to the nuclei, then one would not 
only be able to explain the difference in concentration in the 
amount of this substance in the blood and tissue but one would 
add an additional function, as well as significance, to the free 
amino-acid of the tissue; namely, that of acting in a purely 
physical manner, helping to maintain the osmotic tension of the 
nucleus. 
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If the intact nucleus is free of inorganic salts, it would be of 
great interest to know wdiether electrolyte gets in among the 
chromosomes during the stage of mitosis. The writer hopes to 
have some information on this point shortly. It may be stated 
here, however, that chlorides, phosphates, and carbonates are 
absent from the entire cell in the case of the sprouting root tips 
of the onion where mitotic figures are very much in evidence. 
The wuiter is not, however, overconfident of these results, as the 
usual method of sectioning could not be applied in this instance 
and the possibility of non-penetration of the silver nitrate reagent 
into the cell was not disposed of in this experiment. The results 
are nevertheless suggestive, 

SUMMARY. 

The freedom of the nucleus from inorganic electrolyte such as 
chloride, phosphate, and carbonate of potassium is demonstrated. 

That there is not only a condition of osmotic equilibrium 
existing between the blood plasma and the tissue fluid, and the 
tissue fluid and the cytoplasm of the tissue cells, but also an 
osmotic equilibrium between cytoplasm and the nucleus in each 
nucleated cell is pointed out. 

As the osmotic tension of the nucleus cannot be maintained by 
inorganic electrolyte, it is argued that non-electrolyte or organic 
electrolyte must account for the nuclear osmotic tension. 

Evidence is given to show that the concentration of total non¬ 
protein nitrogen within the nucleated erythrocytes is from three 
to five times as great as the concentration in the corresponding 
plasma. 

Evidence is quoted and further evidence given to show that 
the concentration of amino nitrogen is three to five times as great 
in the nucleated erythrocytes as in the corresponding serum. 

It is assumed that the excess of amino-acid and other nitrog¬ 
enous solutes of small molecular -weight in the cells of nucleated 
types of blood over that in the plasma is largely confined to the 
nucleus. 

It is suggested that the concentration of these substances as 
indicated in the nucleus is suflficient to maintain the osmotic 
tension of the same. 
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It is iieicl that the conclusions reached as regards the iiiam» 
teiiance of the osmotic tension of the nuclei of the avian er3dhrO" 
cj'tes are generally applicable to nuclei of tissue. 
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EXPLANATION OF PLATES. 

Figs. 1, 2, 9, 10, 12, 13, and 14 are photomicrographs. Figs. 3, 4, 5, 6, 7, 
8, and 11 are drawings. 

Plate 1. 

Fig. 1. Reaction in ventral ganglion of Hirudo medicinalis treated with 
0.1 N silver nitrate in neutral solution. 

Fig. 2. Reaction in nerve ceil of sympathetic ganglion attached to cortex 
of suprarenal gland, treated with 0.1 n silver nitrate in neutral solution. 
Dog. 

Figs. 3, 4, and 5. Reaction in ganglionic cells, treated with 0.1 n silver 
nitrate solution. Dog. 

Fig. 6. Localization of chlorides in nerve cell and axones of Gasserian 
ganglion. Dog. 

Plate 2. 

Fig. 7. Local zation of chlorides in the active gastric tubule. Dog. 

Fig. 8. Localization of chlorides, phosphates, and carbonates in the 
active gastric tubule. Dog. 

Fig. 9. Localization of chlorides, phosphates, and carbonates in the 
active proventriculus. Fowl. 
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Fig. 10. Localization of chlorides, phosphates, and carbonates in the 
resting proventriculiis. Fowl. 

Fig. 11. Localization of chlorides, phosphates, and carbonates in the 
active proventriculus. Fowl. 


Plate 3. 

Fig. 12. Localization of potassium about nerve cells of Gasserian gan¬ 
glion. Dog. 

Fig. 13. Two nuclei and one damaged nerve cell, photographed under 
ultramicroscope. Hirudo medicinalis. 

Fig. 14. Two normal nerve cells, photographed under ultramicroscope. 

Hirudo medicinalis . 
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HEMATO-RESPIRATORY FUHCTIOMS.* 


II. THE HEWDERSON-MORSISS METHOD FOR DETERMINING THE 
CARBON DIOXIDE IN PLASMA AND IN WHOLE BLOOD. 

Bt HO'WARD w. haggard. 

{From the Physiological Laboratory, Yale Medical School, New Haven.) • 
(Received for publication, April 10, 1920.) 

A subnormal COo-combining power in the plasma of the blood 
is now regarded as an index of acidosis. The values obtained from 
whole blood have to a large extent been neglected. For reasons 
which will be stated in a succeeding paper it is often important 
and sometimes essential to use the whole blood. Whole blood 
has also the advantage of economy; to get a unit of plasma one 
needs two or three units of blood. 

The use of the C 02 -combining power as an index of the alkali 
and thus indirectly of the Ch of the blood, was introduced by 
Hasselbalch and developed by Van Slyke. Hasselbalch regards 
determinations on plasma as much less significant than on whole 
blood. The former may at times be absolutely misleading. After 
careful comparison of whole blood and plasma Hasselbalch and 
Warburg ( 1 ) concluded that the C02-bmdiiig power of a serum 
rises and falls with the CO‘> tension of the blood from which it is 
separated. It is not possible to draw from the CO2 of the serum 
any exact conclusion whatever regarding the blood reaction, 
unless the CO2 tension of the blood, when the serum was separated, 
has been taken into account. Experience in this laboratory fully 
confirms this statement. In fact, although A^aii Slyke’s state¬ 
ment to a similar effect has been generall}^ overlooked, the truth 
of this was emphasized by him also. Carbonating the plasma 
after separation is comparatively unimportant. 

* This work was done under the War Gas Investigations of the Bureau 
of Mines and the Chemical W'arfare Service, U. S. xArmy. The writer is 
indebted to H. H. Beatty, S, R. Detwiler, and W. H. Taliaferro for valuable 
collaboration. 
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In a paper from this laboratory (2) published a little over 2 
years ago a simple method was described for determining the CO2 
content and capacity, or combining power, of the whole blood. 
Since that time this method has been in continuous use on an 
extensive scale in this laboratoiy, and we have now acquired an 
experience which allows us to judge of its value. 

The Tail Slyke and Cullen (3) method for determining the CO2 
capacity, or alkaline reserve, of plasma has been used by us 
interchangeably with this method. For plasma the two methods 
are of about equal rapidity, simplicity, and accuracy. For the 
determination of CO2 in whole blood the necessity of cleaning the 
Van Slyke apparatus after each analysis is troublesome and 
time-consuming. The Henderson-Morriss method offers no more 
difficulties with whole blood than with plasma. The gas burette 
serves also to analyze the equilibrating air—an essential for exact 
work. 

The paper describing the Henderson-Morriss method was of a 
prelmiiiiary character. It was therefore suggested to us by Hender¬ 
son that we reconsider in detail the calculation of results by this 
method and report a series of carefulh” performed comparative 
determinations with the ^hin Slyke procedure; also, that we 
rectify a typographical error in the barometric correction.^ 


In the Henderson-JMorriss method 1 cc. of blood is laked with dilute 
aiiiinonia and then acidulated with tartaric acid, 20 per cent, in a glass 
tube of simple form which contains when stoppered exactfy 3.5 cc. of acid- 
blood mixture and approximately 24 cc. of air. The tube is then rolled so 
that the fluid spreads in a thin film allowing free diiTusion between fluid 
and air. 3 minutes are sufficient to bring the tension of the CO 2 in the air 
and fluid to equilibrium. The tube is then connected with the gas burette. 
The lower end is in a pan of w'ater. The stopper is withdrawm under water. 
The total amount of gas (air plus the CO 2 liberated by acid) is drawn into 
the burette, wmter following up the tube from the pan. The end of the tube 
is lifted sufficiently to admit a bubble of air -which is then used to wash 
the last portion of the air in the tube into the burette. The burette is then 
read, the gas passed five times into the absorbing bottle containing 10 per 
cent NaOli, and the burette is again read. The decrease of volume ob¬ 
served, when subjected to the corrections described below, indicates the 
volumes per cent of CO 2 contained in the blood. With a burette of this 
type, time must be allowed for the fluid, acidulated water, to drain fully 


1 Henderson and Moiriss (2), p. 224. 
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before each reading. Quicker draining without loss of accuracy in any 
other respect is afforded if water plus 10 per cent alcohol and a few drops 
of HGl are used in the burette. It is well also to add a few drops of litmus, 
phenolphthalein, or other indicator to this fluid so as to warn one in case 
any of the alkali is drawn over by mistake. 

Our practice is to measure the blood in a Mohr pipette which has been 
recalibrated with mercury. The outside of the pipette should be carefully, 
wiped free from blood before the contents are delivered into the diffusion 
tube. The commonest source of error is in a ‘flong’^ measurement with the 
pipette. 

We have found it advisable to substitute a 2-way stop-cock for the 
pinch-clamp between the burette and the absorption bottle as origi.Q.aily 
figured, 

A correction is made-for the CO 2 liberated, on acidulation, from the 
small traces of carbonate in the ammonia solution. This covers also the 
atmospheric CO 2 in the air in the diffusion tube. The correction consists 
in subtracting from the observed volume of CO 2 as read on the burette the 
value obtained from a blank determination in which distilled water replaces 
the blood. 

The observed reduction of volume in the gas burette, f.e. the CO 2 ab¬ 
sorbed by the alkali, is reduced to the volume of the dry gas at 760 mm. 
by the formula 

Vi = (V - Cor.) 

\ 760 / 

(F — Cor,) = Volume of CO 2 after correction for carbonate in reagents. 

p “Vapor tension of water vapor at temperature of analysis. 

B = Barometer reading, 

VI ~ Volume of dry gas at 760 mm 

To the volume of dry gas is added the CO 2 retained in solution in the 
fluid in the diffusion tube. This is estimated by the formula 

* / 3.6 \ 

r, = F. + F.(-xc) 

F 2 — Volume of CO 2 in the gas analyzed + that remaining in solution 
in the acidulated blood. 

Vi — As above. 

3.5 ~ Fluid contained in diffusion tube. 

24 = Air 

c = Solubility coefficient of CO 2 in water at temperature of analysis. 

The correctness of this value for c as applied to the acid-blood mixture 
will be discussed later. 

The value of F 2 at the temperature of analysis is brought to 0° by the 
formula 
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Fs = Volume at 0°. 

Fa = As above. 

t = Temperature of anatysis. 

The volume of CO 2 in cc. at 0° Cf.e.j Fs) multiplied bj" 100 gives the 
volumes per cent of GO 2 in the blood. 

The SoliihiUiy Coefficient of COo in the Acid-Blood Mixture. 

The solubility coefficient of CO 2 in the acidulated blood is so nearly 
identical with that for CO*, in water that the established values for the 
latter may be used in determining the amount of CO 2 left in solution after 
the equilibrating air has been analyzed. This was determined by displac¬ 
ing the gas with mercurj’ instead of water (so as not to expose or dilute the 
acidulated blood), then drawing air freed from CO 2 into the diffusion tube, 

TABLE I. 

CO 2 Retained in Acid-Blood Mixture. 

Barometer 758 inm. 


CO2 in equilibration. 


Blood 

samples. 

Tempera¬ 

ture. 

No. 1. 

No. 2. 

No. 3. 

No. 4. 

Sum of 
Nos. 2, 3, 
and 4, 

Theoretical 

for 

distilled 

water. 



cc. 

cc. 

cc. 

cc. 

Cf. 

cc. 

A 

21 

0.34 

0.040 

0.005 

0.000 

0.045 

0.044 

B 1 

21 1 

1 0.53 1 

0.065 

0.010 : 

0.005 

O.OSO 

0.069 

G i 

21 i 

1 0.47 

0.065 

0.010 1 

0.000 

0.075 

' 0.061 

D : 

IS 1 

0.44 ’ 

0.060 

0.005 i 

' 0.005 

0.070 

0.062 

E i 

18 

0.3S i 

0.050 

0.005 i 

0.005 

0.060 1 

0.054 


and again equilibrating. From the analyses of the gas thus obtained in 
a series of equilibrations amounts of CO 2 were found by analysis approach¬ 
ing zero as a limit. The sum of these added to the GO 2 of the initial equili¬ 
bration gives the total volume of CO 2 in the blood. For these analyses a 
gas burette more finely graduated than that generally employed was used. 
The results of such determinations are given in Table I. 

From these figures we conclude that the CO 2 retained in solution in the 
fluid in the diffusion tube can be calculated by the employment of the 
solubility coefficient of water to within 1 volume per cent. 

The various corrections and calculations just described when 
applied to this method so neutralize each other that for routine 
work they are unessential. The volume of CO2 absorbed from the 
air in the burette {mmtis only the correction for CO2 in the ammonia 
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solution arid room air) at ordinary harometric pressure {750 to 770 
nim.) ajid room temperature between lS~-£o° is identical ivithm the 
error of the ?nethod {1 or 2 volumes per cent) with the figure obtained 
after -making all corrections, 

t By subtracting the CO 2 in simple solution in the original blood 
(4) (3 volumes per cent at normal arterial and pulmonary CO 2 
tension and temperature) a figure for the combined CO 2 , or alkaline 
reserve, is obtained. 


TABLE II. 

Anahjsis of Sodium Carbonate Solution, 

A solution of sodium carbonate from the dried recrj'-stallized salt was 
prepared by weight. This was diluted as desired and 1 cc. of suitable 
concentration delivered into the diffusion tube and analyzed as for blood. 
Temperature 22®, barometer 757 mm. 


CO 2 as read from 
burette. 

CO 2 after correction. 

Theoretical CO 2 . 

Difference. 

cc. 

vol. per cent 

vol. per cent 

vol. per cent 

1.08 

109.0 

111.0 

—2 

1.09 

110.0 

111.0 

-1 

o.m 

90.0 

89.0 

+1 

0.89 

89.0 

89.0 

0 

0.66 

66.0 

67.0 

-1 

0.66 

66.0 

67.0 

-1 

0.44 

44.0 

45.0 

-1 

0.45 

45,0 

45.0 

0 

0.21 

20.0 

22.0 

—2 

0.23 

21.0 

22.0 


0.12 

12.0 

11.0 

^ -fl 

0.10 

10.0 

11.0 

~1 

0.01 

1.0 

1 0.0 

' -fl 

0.00 

0.0 

0.0 

1 0 


As a check on the accuracy of this method we have analyzed 
sodium caihoiiate and find that an accuracy within 2 volumes 
per cent of the theoretical is attainable. The results of a series 
of such analyses are given in Table II. 

In many experiments we have employed the Van Slyke method 
as a check on that of Henderson and vice^ versa. The comparative 
results o]3taiiied are illustrated l^y the following figures, in which 
the first ill each case is that by the former, the second that b^" the 
latter method. 
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Plasma: 53, 52; 57, 57; 61, 62; 54, 54; 59, 59; 71, 70; 62, 62: 

37, 36; 35, 35; 30, 29; 22, 22; 17, 18; 7, 9; 6, 8; 19, 19; 19, 18; 

14, 16; 59, 58; 55, 55; 52, 52; 44, 44: 44, 43; 43, 43; 32, 30; 2i , 

28; 17, 18; 20, 20: 22, 21; 19, 20; 23, 23; IS, 18; 23, 23; 21, 23; 

62,^ 62; 59, 60; 49, 49; 33, 32; 47, 47; 51, 50; 39, 38. 

Whole blood: 44, 46; 43, 42; 49, 47; 37, 37; 49, 49; 32, 32; 
27, 29; 27, 30; 31, 31; 42, 44. 

The COo Content of Whole Blood. 

The CO. content is determined by direct analysis of blood 
drawn from vein or artery without loss of CO 2 . If the blood is 
collected rapidly under mineral oil and at once pipetted into the 
diffusion tube, no anticoagulant is necessary. For routine work, 
however, or where it is desirable to determine.the CO 2 capacity, 
coagulation is prevented by powdered animonium or sodium 
oxalate. This must be of absolute purity, and an amount should 
be used which will bring the total concentration to approximately 
1 per cent. The technique for drawing and oxalating blood 
described by Van Slyke and Cullen (3) gives excellent results. 

The CO2 Capacity of Whole Blood. 

The COs-combining power or capacity is estimated by deter¬ 
mining the CO 2 content after the blood has been equililn'ated with 
a definite tension of COs under standard conditions of temperature 
and pressure. The tension of GOo now generally used for equi¬ 
libration is that of the normal alveolar air: that is, 40 mm, partial 
pressure. We find that the employment of the last portion of 
the operator’s expired air is inexact and involves large variations 
in CO 2 content when applied to whole blood. The air employed 
is best prepared by a modification of the Higgins-Plesch techniqucn 
A deep breath is expired into a bag and reinspired twice. The 
CO-> tension of the air so obtained should always be established by 
analysis. The burette used for the blood determinations lenclsitself 
readily to this purpose. To get the tension in mm. the percentage 
of CO 2 found by analysis is multiplied by the barometer minus 
the vapor tension of water at the temperature at which the equi¬ 
libration of the blood with this air is performed. 
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For the equilibration of whole blood the most satisfactoiy 
tecliniciiie is the following. 5 cc. of blood free from mineral oil 
are pipetted into a 250 cc. Erlenmeyer flask tipped at an angle* 
The gas from the bag is passed slowly for 1 minute well beneath 
the surface of the fluid by means of a glass tube. With the gas 
still flowing and the flask full of foam, the tube is withdrawn and 
the stopper at once inserted. The flask is shaken continuously 
for at least 5 minutes with a rotary motion to spread the blood 
in a film over the surface and expedite the equilibrium which is 
complete at the end of 5 minutes. 

In performing the saturation at a temperature higher than 
that of the surrounding air, the flask is immersed in a w’ater bath. 
The increased pressure is relieved by loosening for a moment 
the edge of the stopper. 

As regards the influence of temperature on the C02“COinbilling 
pow’er, or as we term it ‘The alkali called into use,’’ in blood w-e 
have found that the effect varies in exact proportion to the amount 
of CO 2 dissolved at different temperatures. In other words, in 
a given blood put through a variety of temperatures without loss 
or gain of total CO 2 , the Tension of CO 2 varies, but the ratio of 
dissolved to combined CO 2 does not. 

CONCLUSIONS. 

1. In the Henderson-Morriss method of determining the CO 2 
of plasma, or wiiole blood it is found that the various corrections 
almost exactly neutralize each other. At ordinary temperatures 
and barometric pressures the reading on the gas burette for the 
CO 2 absorbed during the gas analysis (corrected only for the 
carbonate of the ammonia solution) may be taken as indicating 
directly, within the error of the method, the amount of CO 2 
contained in the blood or plasma. Each 0.01 cc. corresponds 
to 1 volume per cent of CO 2 . 

2. This method is particularly valuable for the determination 
of the CO 2 content and combining power of whole blood: With 
it the analysis of w^hole blood is as eas^" as that of plasma. 
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EXCHAMGE OF CHLORIDE IONS AND OF CARBON 
DIOXIDE BETWEEN BLOOD CORPUSCLES 
AND BLOOD PLASMA. 

By L. S. FRIDERICIA. 

(From the Bispehjerg Hospital and the University Lahoratorij of 
Zoophysiology, Copenhagenf) 

(Received for publication, February 10, 1920.) 

Hamburger (1891) found that chlorides pass from the blood 
plasma into the red blood corpuscles when pure carbon dioxide is 
led through a sample of blood. In Hamburger's experiment, 
defibrinated blood was shaken with air, and the NaCl in the 
serum determined. Pure COo was led through a sample of the 
same defibrinated blood and the amount of the NaCl in the 
serum fell from 0.58 to 0.53 per cent, 0.05 per cent having passed 
into the red corpuscles. The change proved to be reversible, the 
percentage of NaCl in serum increasing again w^hen the COo- 
treated blood -was shaken with air. 

The experiment of Hamburger has been repeated several times 
with variations (Giirber, Koeppe, Petry, von Limbeck, and others). 
In his first paper Hamburger reported that in addition to chlor¬ 
ides other anions of the serum could pass into the corpuscles 
under the influence of COo, and this has recently been confirmed 
by new experiments of de Boer and of Hamburger himself (1918). 

The experiments on exchange of anions between plasma and 
corpuscles have been criticized by Overton, who pointed out 
that in all the experiments the blood corpuscles had been treated 
with pure CO 2 , and this procedure possibly had changed their 
permeability. Overton thought that uninjured blood corpuscles 
were impermeable for anions. 

The next step is to determine, \Yhat happens with the plasma 
chlorides if blood is saturated 'with different mixtures of carbon 
dioxide and air, especiall}^ whether or not a change in the tension 
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of CO2 has any effect upon the distribution of the blood chlorides 
by low CO2 ten^sions. 

]\Iy first experiments deal "with this point. In 1917 Van Slyke 
and Cullen in a paper dealing chiefly with other problems' 
published experiments on the influence of different tensions of 
CO2 on the distribution of the blood chlorides between plasma 
and corpuscles. Mj results are identical with theirs on some 
points. Still I shall briefly report my experiments on this point' 
as an introduction to my further experiments and because I 
have used a different method. 

Methods. 

All experiments were carried out on fresh ox blood, the clotting^ 
being prevented b 3 ' 0.1 per cent potassium oxalate. The volume 
of red blood corpuscles was estimated in an improvised hemato¬ 
crit. The amount of hemoglobin was estimated b}" a standardized 
Haldane hemoglobinometer, the results being given in volumes 
per cent of ox\^geii capacffy. 

The saturation of blood samples with mixtures of air and 
carbon dioxide took place in saturaters of glass according to the 
method of Barcroft. Fach saturater had a volume of 275 cc.; 
3 ce. of blood were used for each expermient. One end of the 
saturater wms closed b^" a stopper with a capillary glass tube 
through w^Mch samples of the air mixture in the saturater could 
be taken wiien the saturation of the blood w^as finished. The 
other end of the saturater was narrow-ed into a glass tube of the 
same diameter as a small centrifuge test-tube, being connected 
air-tight with this hy means of a piece of rubber tube. After the 
saturation the blood was run into the centrifuge test-tube which 
wms almost filled. After the piece of rubber tube had been 
pinched the centrifuge tube with the blood and the closed rubber 
tube as a stopper could be placed in a centrifuge without coming 
into contact with air other than that of the saturater. 

The air sample from the saturater was analj^zed in the Haldane 
apparatus. 

The saturation took place by rotating the saturater in a water 
bath at 14-17^0. As no provisions w^ere made to heat the cen¬ 
trifuge it was necessaiw^ to saturate at room temperature. 
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After centrifugation, samples of the blood plasma were taken 
for the determination of chlorides and eventually of carbon 
dioxide.^ 

The estimation of chlorides in the plasma was carried out after 
the micro method of Bang, not more than 0.1 cc. of blood being 
required for an estimation. I examined the accuracy of Bang'^s 
method in a series of experiments and found that the average 
error on a single estimation is 1.4 per cent of the total amount 
of chlorides. It is indifferent whether the amount of blood is 
measured in a calibrated pipette or weighed on a torsion balance, 
as Bang himself prefers. If the blood (or plasma) is determined 
by weight, a correction for loss by evaporation has to be intro- 
duccd. In my experiments the blood was measured in a pipette. 
In every experiment I made three estimations of the amount of 
chlorides in the plasma, w^hicn reduces the average error to 0.6 
per cent. Therefore variations of more than 2 per cent are real 
and cannot be ascribed to anahdical errors. The second deci¬ 
mal is correct in estimations in blood or plasma (about 0.5 per 
cent of chlorides being found); the third is quite unreliable, but 
is given in the experimental accounts. The amounts of chlorides 
are conventionally given in percentage of NaCl, although this 
has certain disadvantages. 


EXPERIMENTAL. 

Exchange of Chloride Ions. 

In Experiments 1, 2, and 3 blood was saturated with air con¬ 
taining different amounts of carbon dioxide, the chlorides being 
estimated in the plasma after the saturation. 


Ex'periment 1 .—Temperature 12°C.; Blood: oxygen capacity 1S.3 vol¬ 
umes per cent, 0.418 per cent of NaCl. 


CO 2 tension, 7nm . 

.j 5.7 

53.0 

73.0 

79.0 

NaCl in plasma, per cent . 

.1 0.528 i 

0.510 

0.512 

! 0.408 


^ The estimations of CO 2 in blood and plasma were carried out by Mr. 
Iv. L. Gad-Andersen by the method of Haldane as modified by Dr. G. Lillie- 
strand in the laboratory of Professor A. Ivrogh, A paper by Dr. Liilie- 
strand describing the method will be published shortly. 
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Experiment ;d .—Temperature 14°C.; Blood: oxygen capacity 15.9 vol¬ 
umes per cent, 0.436 per cent of NaCl. 


CO 9 teiisioiij 7n7Ti . 

1.1 { 

12.2 

43.1 

219.0 

709.0 

XaCi in plasma, per cent . 

0.591 j 

0.551 

0.526 

0.509 

0.479 

Experiment 3 ,—Temperature 15.5°C.; Blood: 
uiues per cent, 0.460 per cent of XaCl. 

oxygen capacity 15.2 vol- 

GOii tension, . 

XaCi in plasma, per cent . 

0.07 1 

0.600 I 

4.8 

0.577 

29.4 

0.552 

52.6 

0.543 

78.4 

0.535 



Mm. CO2 tension in whole blood 

Fig. 1. Curves showing effects of \mrying amounts of CO 2 on the 
chlorides of the plasma. X = Experiment 1 ; 0 = Experiment 2 ; A = 
Experiment 3. 

Ill Fig. 1 the results are drawn graphically (carbon dioxide ten¬ 
sion as abscisste and percentage of XaCl in plasma as ordinates). 

The steep rise of the curve at the low CO2 tensions refutes 
Overtoil's criticism of Hamburger's experiment, a change 

in the CO2 tension from 0.07 to 4.8 mm. makes a measurable quan¬ 
tity of chloride pass from the plasma into the corpuscles, it is 
impossible that the chloride transfer is due to an injury to the 
corpuscles by the carbon dioxide. At the high CO 2 tensions the 
curve is less steep but not parallel to the abscissa axis. The 
shape of the curve has much conformity^ with the inverse shape 









L. S. Pridericia 


249 


of the curve representing the GOo-eombiniiig power of the 
blood at various CO 2 tensions. ' Even at the high CO 2 tensions 
the plasma contains more chloride than the blood; that is, the 
chloride content of the corpuscles is never so great as that of 
the plasma. The distribution of chloride in the blood is never 
uniform. 

The results make it evident that estimation of chlorides in the 
plasma or serum from blood which has been kept in open re¬ 
ceivers must give too high results, because chlorides have passed 
into the plasma (or serum) on account of the decreasing CO 2 
tension. 

Elperunents 4 and 0 deal with the question of wiiether the 
cause of the w'andering of the blood chlorides lies in the plasma 
or in the corpuscles. The problem w^as attacked by comparing 
the influence of changes in CO 2 tension upon a sample of blood 
and upon a sample of the same blood diluted with its own plasma. 
The plasma for dilution wms produced by centrifuging the blood 
at about 40 mm. CO 2 tension. 

Experiment 4-—Temperature 1S.5®C.; Sample A: 44 volumes per cent 
blood corpuscles, oxvgcn capacity 19.9 volumes per cent, 0.474 per cent 
of NaCL 

By centrifuging at 40 mm. COi> tension plasma is prepared from Sam¬ 
ple A. 

Sample B is prepared by adding 1 volume of Sample A to 1 volume of 
its plasma. Sample B: 22 volumes per cent blood corpuscles, oxygen 
capacity 9.9 volumes per cent, 0.522 per cent of NaCL 


CO 2 tension, vim . 

41.9 

47.3 

602 

681 

NaCl in plasma fi’om Sample A after 





saturating, per cent . 

0.564 


0.509 


NaCl in plasma from Sample B after 





saturating,* per cent . 


0.565 


0.545 

NaCl in blood corpuscles from Sample 





A after saturating,* per cent .’ 

0.36 


0.43 


NaCl in blood corpuscles from Sample 





B after saturating,* per ceid . 


0.36 


0,43 


* The percentage of NaCl in the red blood corpuscles is calculated 
from the percentage of NaCl of the blood and the plasma by means of 
the known volume of the red corpuscles (estimated by the hematocrit). 
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Experiment 5 .—Temperature 14°G.; Sample A: 33 volumes per cent 
blood eorpuscleSj oxygen capacity 15.0 volumes per cent, 0.^42 per cent 
■of NaCl. 

Sample B prepared by adding 1 volume of Sample A to 2 volumes of its 
Qwi\ plasma. Sample B: 11 volumes per cent blood corpuscles, oxygen 
capacity 5.0 volumes per cent, 0.4S3 per cent of NaCL 


CO'j tension, mm . 

1.2 

1.6 

34.3 

36.7 

505 

694 

NaCl in plasma from Sample A, 







per cent . 

0.536 


0.511 


0.460 


NaCl in plasma from Sample B, 







per cent . 


0.519 


0.500 


0.491 

NaCl in corpuscles from Sample 







A, per cent . 

0.25 


0.31 


0.41 


NaCl in corpuscles from Sample 







B, per cent . 


0.27 

i 

0.32 ; 


0.42 


In Experiment 4 the percentage of NaCl at about 40 mm. C ()2 
tension was the same in plasma from the original blood (Sample 
A) and in plasma from the diluted blood (Sample B). In the 
corpuscles the percentage of NaCl also was the same in Samples 
A and B at about 40 mm. CO 2 tension. When the two samples 
of blood were saturated with a much higher CO 2 tension (about 
600 to 680 mm.) the percentage of NaCl fell in the plasma of 
both, but much more in the plasma from the original blood, Sam¬ 
ple A (from 0.564 to 0.509 per cent), than in the plasma of the 
diluted blood, Sample B (from 0.565 to 0.545 per cent). In the 
red corpuscles, on the contrary, the percentage of NaCl rose 
with an equal amount in corpuscles from original and from diluted 
blood (in either from 0.36 to 0.43 per cent). 

Experiment 5 shows the same, and furthermore that by low¬ 
ering the CO 2 tension (from 35 to 1 mm.) the percentage of 
NaCU rose more in plasma from the original (from 0.511 to ().53(> 
per cent) than in plasma from the diluted ])lood (from 0.500 to 
0.519 per cent), but coincident with this the percentage of NaCl 
of the corpuscles fell in each sample by an equal amount. 

These results make it evident that the shifting of the blood 
chlorides is caused by some properties of the red blood cor¬ 
puscles. A given change in the CO 2 tension always produces a 
given change in the percentage of NaCl of the blood corpuscles, 
and the percentage of NaCl in the plasma is secondarily regu¬ 
lated by this. 
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An objection (*,oiild be raised against the calculation of the per- 
'centage of NaCl of the corpuscles, Hamburger (1902) having 
proved that a change in CO 2 tension affects the volume of the 
corpuscles. Bat even a considerable error in the estimation of 
the volume of the blood corpuscles would not interfere with the 
results to any noticeable degree. 

The cause of the exchange of chloride between blood plasma 
and blood corpuscles must be looked for in the red corpuscles. 
In the next section we will consider which constituent of the red 
corpuscles is involved in this reaction. 

Coincident Exchange of Carbon Dioxide and Chloride Ions. 

In a recent paper Hasselbalch proved that the hydrogen ion 
concentration of the blood at a given CO 2 tension is identical 
with that of a solution of sodium bicarbonate containing the same 
amount of combined carbon dioxide as the blood and under the 
same CO 2 tension. But with a change in the CO 2 tension the 
blood behaves differently from a solution of sodium bicarbonate. 
The sodium bicarbonate solution contains the same amount of 
combined carbon dioxide at all CO 2 tensions, but at extremely 
low tensions some monocarbonate is formed. In blood, how¬ 
ever, the amount of combined carbon dioxide increases with in¬ 
creasing CO 2 tension as if the amount of bicarbonate in the blood 
were increasing too. Hasselbalch explains this by the physico¬ 
chemical qualities of hemoglobin acting as an amphoteric electro¬ 
lyte, which has acid qualities so that at low CO 2 tensions it can 
displace carbon dioxide from the bicarbonate. At high CO 2 ten¬ 
sions hemoglobin assumes alkaline qualities and combines with 
carbon dioxide in amounts that increase with the CO 2 tension. 

Hasselbalch’s experiments were performed with solutions of 
hemoglobin and sodium bicarbonate. The question is how the 
hemoglobin in the blood can influence the bicarbonate of the 
plasma as in a solution of hemoglobin, while in the blood the 
hemoglobin is confined to the corpuscles. This question is ex¬ 
plained by the fact that the chloride ions and other anions repre¬ 
sent a link between the constituents of the corpuscles and^ those 
of the plasma. 
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When an increase of the CO 2 tension makes chloride pass from 
the plasma to the corpuscles, the plasma coincidently with this 
turns more alkaline, and consequently can combine with more 
carbon dioxide. Gilrber has explained this fact in the following 
way: The carbon dioxide sets free a certain amount of HCl from 
the chlorides of the plasma; this HCl passes into the corpuscles 
and leaves the basic components of the chlorides in the plasma 
to combine with more carbon dioxide. The explanation of 
Gtirber translated into the language of modern chemistry might 
be -worded as follows: Carbon dioxide displaces anions, especially 
chloride ions, from plasma into corpuscles. Coincidentally with 
this an equivalent amount of other anions, viz. hjnlroxyl ions, 
passes from the corpuscles into the plasma. This exchange 
turns a part of the NaCl of the plasma into NaOH, which com¬ 
bines with some of the free carbon dioxide to form bicarbonate. 
Koeppe and Hamburger (1902) express the same thing in another 
way which I do not prefer. 

Of course other explanations are possible, especiall}^ since 
Hamburger and Biibanovic have shown that it is likely that the 
blood corpuscles are permeable not only to anions but also to 
cations. The matter can be settled by experiments dealing 
with the minute quantitative relation between chloride and 
bicarbonate in plasma and corpuscles. 

Experiment 6 .—Blood was saturated with air at a very low CO 2 tension 
(O.OS mm.) and centrifuged. Consequently the plasma was very rich in 
chloride (0.580 per cent of NaCl). Then a sample of the plasma and a 
sample of the original blood were saturated at a high GO 2 tension (162 
mm.). Of course this did not affect the percentage of NaCl of the plasma, 
but in the blood the plasma became poorer in chloride (0,476 per cent of 
NaCl), 0.104 per cent of NaCl having passed into the corpuHcics. 



NaCl 

CO 3 

Blood at O.OS 

mm. CO 2 

tension, in the plasma........ 

per cent 

0.580 

vol. 

per cent 

Plasma “ 163 

CO 2 

u 

0.580 

65.6 

Blood “ 163 

CO 2 

in the plasma. 

0.476 

103.0 


Difference. 

1-0.104 

+47.4 
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At 163 mm. CO 3 tension the plasma contained 55.6 volumes per cent of 
GO 2 . But the blood saturated at the same CO 2 tension (162 mm.) con¬ 
tained in its plasma (not in the entire blood) 103.0 volumes per cent of 
CO 3 ; t.c:,, 47.4 volumes per cent of CO 2 more than the original plasma 
separated from the corpuscles at the low CO 2 tension contained at the 
same CO 2 tension. In going from the low to the high CO 2 tension, 0'.i04 
per cent of NaCd disappeared from the plasma. But coincidently with 
this the plasma was able to bind 47.4 volumes per cent of CO 2 more. 0.104 
per cent of NaCl is equivalent to 39.4 volumes per cent of CO 2 ; that is, the 
NaOH formed by the disappearance of chloride ions from the plasma 
almost completely accounts for the increased amount of carbon dioxide 
with which the plasma was able to combine. 

In Experiment 6 the chloride ions displaced by carbon dioxide 
from the plasma almost completely account for the increased 
carbon dioxide-combining power gained by the plasma, but not 
quite completely, 8 volumes per cent of CO 2 failing to be 
accounted for. This small amount is probably accounted for by 
anions other than chlorides passing from the plasma into the 
corpuscles (de Boer, Hamburger (1918) ). 

In some experiments on the same problem, Van Slyke and 
Cullen^ found that the Cl change did not so closely approximate 
the CO 2 change. In their experiments other methods were used, 
and the CO 2 tension in one determination was computed and not 
gained by analysis. But neither of these facts can account for 
the considerable difference in the results, which at present I ani 
unable to explain. 

If my result holds good, it explains in what way the hemo¬ 
globin, although confined to the corpuscle, can influence the C 02 - 
combining power of the plasma. When the plasma at higher 
CO 2 t(uisions binds more CO 2 it is due to the anions passing into 
the corpuscles to be bound by the hemoglobin, leaving the cations 
in the plasma to combine with an amount of carbon dioxide 
equivalent to the amount of disappeared anions. 

In Experiment 7 the distribution of chlorides and carbon 
dioxide at different CO 2 tensions between plasma and corpuscles 
has been estimated, the NaCl and the bound CO 2 being estimated 
in the plasma as well as in the blood. The amounts in the cor¬ 
puscles were calculated from these estimations and from the 
known volume of the corpuscles. Furthermore the hydrogen ion 

^ Van Slyke and Cullen, pp, 343,-344. 
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concentration has been calculated for blood, plasma, and corpuscles 
by the method of Hasselbalch from the amounts of free and of 
bound carbon dioxide. 


Experiment 7 ,—Temperature 17°C.; 38 volumes per cent blood cor¬ 
puscles. 


CO 2 tension, mm . 

0.08 

6.1 

39.1 

[ blood, per cent . 

0.456 

0.456 

0.456 

NaCl in plasma, per cent . 

0.578 

0.533 

0.511 

(^corpuscles, per cent . 

0.260 

0.334 

0,369 

fblood, vol. per cent . 

20.8 

37.9 

65.5 

CO 2 bound im plasma, i^ol. per cent . 

23.4 

42.6 

67.6 

(^corpuscles, voL per cent . 

16.6 

27.6 

62.0 

f blood. 

9.61 

7.92 

7.31 

pH in j plasma. 

9.64 

7.94 

7.35 

(^corpuscles. 

9.57 

7.85 

7.30 


Experiment 7 shows, as the preceding ones, that with increas¬ 
ing CO 2 tension the amount of NaCl in the plasma decreases 
and the amount of CO 2 increases. But Experiment 7 shows a 
new fact too; namely, that not only does the percentage of NaCl 
in the blood corpuscles increase with increasing CO 2 tension, as 
is already known, but the amount of carbon dioxide in the cor¬ 
puscles also increases with increasing CO 2 tension. Although 
anions at the higher CO 2 tensions pass into the corpuscles the 
latter do not, as might be expected, become more acid, but on 
the contrary more alkaline, being able to combine with more 
carbon dioxide. In the plasma more bicarbonate is generated 
by the disappearance of anions. In spite of the fact that the 
corpuscles received the anions, the amount of bicarbonate in the 
corpuscles apparently increased too. As a result of these changes 
the hydrogen ion concentration at the CO 2 tensions of the experi¬ 
ments is almost constant in the plasma and the corpuscles, the 
corpuscles being a little more acid. At vei’y high CO 2 tensions I 
have not succeeded in getting reliable results. 

The explanation of Gtirber evidently does not suffice to settle 
the problem. But when this explanation is combined with 
Hasselbalch^s interpretation of the hemoglobin as an amphoteric 
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electrolyte, the solution of the problem is simple. The more the 
CO 2 tension (and the hydrogen ion concentration) increases, the 
more the hemoglobin turns alkaline and the more its power to 
combine with CO 2 increases. But carbon dioxide ions are anions, 
as arc the chloride ions, and the same property of the hemoglobin 
which explains its behavior toward carbon dioxide explains also 
the exchange of chloride ions. Chloride ions and carbon dioxide 
passing into the corpuscles at increasing hydrogen ion concen¬ 
tration, viz. CO2 tension, are parallel phenomena and due to the 
same property of the hemoglobin. The difference is due only to 
the behavior of the plasma, which in a saturater is able to com¬ 
bine with new carbon dioxide from the air of the saturater, re¬ 
placing the amount which has passed into corpuscles; the plasma 
is not able to replace the amount of chloride ions which have dis¬ 
appeared, because chloride ions do not exist in the air. This is 
the explanation, too, why the shape of the curve representing 
the exchange of chloride ions at different CO2 tensions as men¬ 
tioned has conformity with the inverse shape of the curve repre¬ 
senting the C02-combining power of the blood at various CO2 
tensions. 

In a recently published paper^ Hasselbalch and Warburg fully 
agree with this interpretation of the facts, 

I have made some experiments to see if the chlorides had any 
influence upon the total amount of carbon dioxide with which 
the hemoglobin can combine. Experiment 8 is typical. 

Experiment 8 .—Red blood corpuscles were deprived of their content of 
(jhlorides by washing three times with a solution holding 7,3 per cent of 
cane sugar and 0.185 per cent of sodium bicarbonate. Previous experi¬ 
ments had shown it impossible to deprive corpuscles of all chlorides by 
washing with isotonic cane sugar solution without addition of a slight 
amount of bicarbonate to make the solution faintly alkaline. Then the 
bicarbonate adhering externally to the corpuscles was removed by wash¬ 
ing i.hree times with 8.5 per cent cane sugar solution. An analysis was 
tiien made and showed no trace of chlorine in the corpuscles. To 32 cc. 
of the suspension of corpuscles were added 10 cc, of 1.3 per cent sodium 
bicarbonate solution. This was called Mixture A. 

To 20 cc. of Mixture A were added 10 cc. of 8.5 per cent cane sugar solu¬ 
tion. This was called Mixture B. 


^ Read at the same meeting of the Biological Society of Copenhagen 
as the present paper. 
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To 20 cc. of Mixture A were added 10 cc. of 0.9.per cent NaCl solution. 
This was called Mixture C. 

Mixtures B and C contained 53' volumes per cent of carbon dioxide 
combined as bicarbonate. 

Samples of Mixtures A and B were then .saturated at 17°C. with air 
containing 29 per cent of carbon dioxide, and other samples with atmos¬ 
pheric air containing 0.03 per cent of carbon dioxide. The amount of 
carbon dioxide in the various samples was estimated. 


CO 0 tension, vim . 

0.2 

21s. 0 

CO 2 in Mixture B, vol, per cent . 

53.9 

135.5 

COo G . 

51.2 

142. G 



The results show that chloride-free red blood corpuscles combine with 
about the same total amount of COo at various CO 2 tensions whether sus¬ 
pended in cane sugar solution or in NaCl solution. 

Chlorides in the plasma interfere only with the distribution of cailiou 
dioxide between plasma and corpuscles and not appreciably with the total 
amount of carbon dioxide, wdth w^hich chloride-free corpuscles (and j)re- 
sumably the blood) are able to combine. 

SUMMARY. 

1. The influence of various CO 2 tensions upon the distribution 
of chlorides between blood plasma and red blood corpuscles was 
experimentally investigated and the results are represented in 
curves showing conformity with the curve representing the COs- 
combining power of the blood at various CO 2 tensions. 

2. I have been able to confirm, with a different rnetliod, the 
results of Van Slyke and Cullen^s experiments on the influence 
of the CO 2 tension on the partition of the chlorides between plasma 
and red blood corpuscles. 

3. Experimental evidence is presented to show that the cause 
of the exchange of chloride ions and other anions between plasma 
and corpuscles is in the red corpuscles and not in the plasma. 

4. The amount of chloride ions displaced from the plasma into 
the corpuscles by increasing CO 2 tension from 0.08 to 162 mm. 
almost completely accounts for the increased C 02 "COmbimng 
power coincidently gained by the plasma. My experiments on 
this point (Experiment 6) do not agree quantitatively with those 
of Van Slyke and Cullen. 
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5. Increasing COa'"tension increases both the COa-combining 
power of the plasma and that of the red corpuscles. The h 3 ^drO“ 
gen ion concentration remains almost the same in plasma and 
corpuscles at different CO 2 tensions; it is only slightly higher in 
the corpuscles than in the plasma. 

6. If the explanation of Hasselbalch of the properties of the 
hemoglobin is accepted, it is pointed out that this interpre¬ 
tation explains not only the increasing COo-combining power of 
hemoglobin at increasing CO 2 tension, but also the passing into the 
red corpuscles of chloride ions (and other anions) at increasing 
CO 2 tension, the two phenomena being parallel and due to the 
same property of the hemoglobin. This interpretation accounts 
for all observed facts. 

7. The chlorides of the blood influence only the distribution 
of carl)on dioxide between plasma and red corpuscles, and not 
appreciably the total amount of carbon dioxide with which the 
l)lood is able to combine at various CO 2 tensions. 

I wish to thank Professor A. Krogh for much advice and 
assistance in the experiments. 
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A QUANTITATIVE METHOD FOR DETERMINATION 

OF VITAMINE. 

By ROGER J. WILLIAMS. 

{From the Hull Laboratories of Physiological Chemistry and Pharmacology^ 
University of Chicago^ and the Chicago Biochemical Laboratory 
of the Fleischmann Company^ Chicago.) 

(Received for publication, March 5, 1920.) 

INTRODUCTION. 

Ill a previous paper^ it was shown that yeast needs for its nu¬ 
trition a substance of unknown nature, and evidence was presented 
that this substance is the beri-beri-prevenling vitamine. Shortly 
after, Baehmann^ published a paper in which the same conclu¬ 
sion was drawn using a different method of study. It was 
stated that not only does the growth of single yeast ceils indicate 
presence of vitamine but the rate of growth is dependent on the 
quantity of vitamine present, and hence it was hoped that the 
method would be of quantitative value. As a matter of fact, 
the number of cells produced from one in 18 hours under given 
conditions is directly proportional to the amount of vitamine 
added. This test, while of value quantitatively, having been 
used successfully by a number of people, is not ideal in that it 
requires some practice to apply it; it introduces a personal factor 
to quite an extent and is a strain on the eyes if applied regularly. 
A method is now presented which is based upon a gravimetric 
determination and measures the growth of a very large number 
of cells rather than a few which have been isolated, and hence the 
variations in results are not so large. 

The gravimetric method is more accurate than the single cell 
method; it is more easily applied and the personal factor is 
largely eliminated. An outline of this method is given first, fol¬ 
lowed by the Justification of the various steps and a general 
discussion of its application. 

^Williams, R. J., J. Biol. Chem.j 1919, xxxviii, 465, 

® Bachmann, F. M., J. Biol. Chem.j 1919, xxxix, 265. 
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Method. 

The following solution is used as a stock solution: 

20.0 gm. of cane- sugar. 1.5 gm. of asparagine. 

3.0 “ “ (NH 4 )..S 04 . 0.25“ “ CaCk. 

2.0 “ “ KH.POi. 0.25 “ “ MgSO.,. 

All dissolved in 1 liter of distilled water. 

100 cc. of this soh.ition arc put into a 500 cc. Erleiimeyer flask 
and to it is added a known amount of the solution to tested. 
The voliiiiie is then made up to 110 cc., the flask is pliift’ged with 
cotton, sterilized or pasteurized to kill all vegetative organisms, 
cooled, and its temperature brought to 30°C. in an incubator. 

A yeast suspension is made by weighing out 0.300 gin. of fn^sh 
Fleischmaiin's yeast (small cake in tin-foil) taken from the center 
of the cake; this is made into a paste with a very small amount 
of water and suspended finally in 1 liter of sterile water. 1 cc. of 
this suspension well shaken and freshly made is introduced into 
the culture medium with a sterile pipette. By this means 0.3 mg. 
of yeast is used for seeding. 

The flasks are then put into the incubator and the yeast is 
allowed .to grow undisturbed 18 hours at 30°C., wdien the growth 
is stopped by the addition of a little formaldehyde solution. If 
the seed yeast has not been kept in a refrigerator continuously 
since manufacture, a very rapidly growing wild yeast may appear 
to a'slight extent, floating on the surface of the solution. Prac¬ 
tically all this should be removed by lifting it from the surface 
with a small pieces of fine copper gauze attached at right angles 
on the end of a glass rod or tube. This removes practically none 
of the other yeast, most of which settles to the bottom. 

After removing the wild yeast, if any is present, th(i yeast is 
filtered off on a weighed Gooch crucible, prepared with paper 
underneath the asbestos, washed thoroughly with water, finally 
with a little alcohol, dried for 2 hours at 103^0.,' and weighed 
after an hour's cooling. The Gooch crucibles cannot be used 
repeatedly without treatment as the dried yeast loses weight on 
washing with water. 

If no vitamine is added to the solution the yeast produced will 
be about 2.5 mg. The amount of growth above that of the blank 
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is^ witliin limits, directly proportional to the amount of vitamine 
put into the solution. The curve in Fig. 1 indicates the character 
of the results obtained in the first experiments carried out accord¬ 
ing to the method outlined. 


o 

i 10 

o 

h. 8 

6 

W A 

tin o 

0 


Fig. 1. The points marked with a cross and those marked with a circle 
were obtained on different days with different samples of yeast. The 
^‘Mg. yeast produced’’ applies to the amount after subtraction of the blank. 
The “Vitamine solution” contained 1.5 mg. of crude material per cc. For 
some distance above the upper limits of the curve there is still a propor¬ 
tionality, provided the material tested is free from inhibiting substances. 


+3 

53 



1 2 3 4 5 

Cc. vitamine solution added 


Expression of Results. 

The results may be expressed numerically and the number 
represents the relative purity of the preparation tested or the 
value of the material tested as a source of this vitamine. The 
‘^vitamine number’^ of a material may be defined as the number 
of milligrams of yeast produced by the addition of its extract 
minus that produced in a control solution, under given conditions 
and within certain limits, computed to 1 gm. of the original ma¬ 
terial tested. 
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Thus if 0,100 gm. of a preparation produces 8.0 mg. of yeast more than a- 
control, its vitamine number computed to 1 gm. is 80. If 0.05 gm. of the 
preparation is used as a duplicate, approximately 4.0 mg. more yeast are 
produced than in the control. Computing this to 1 gm., the vitamine 
number of the preparation is 80, the same as before. It is obvious that this 
form of expression of results makes possible the comparison of various prep¬ 
arations made at different times and in different localities. By simple 
water extraction of yeast (such as that used for seeding) and testing the 
extract obtained we get a vitamine number computed to 1 gm. of dry yeast, 
which is in the neighborhood of 500. Protein-free milk gives a value of 
about 12 computed to 1 gm. of the original milk, or 92 computed to the 
original milk solids. These are merel^^ examples showing the order of mag¬ 
nitude of the numbers. 


DISCUSSION. 

By watching the growth of single cells under given conditions, 
which need not be explained in detail, results were obtained which 
were quantitative in character. The value of a preparation can 
be expressed in terms of the number of cells produced from one 
cell under certain conditions, calculated to 1 gm. of substance. 
The term ^‘ vitamine number” as used above is approximately 
one-twentieth of this value obtained by the single cell method. 

By this method of study a number of facts were discovered 
which have an important bearing on the method under discussion. 
It has long been supposed that the addition of protein-split prod¬ 
ucts to a medium containing ammonium salt as the sole source 
of nitrogen improves the medium for yeast. I have found it very 
difficult to prepare a protein digest free from vitamine which 
be made uniformly, and which is a favorable nutrient for 
yeast. Enzymes cannot be safely used for hydrolysis for this 
purpose as the enzyme preparations may contain a considerable 
amount of vitamine. On the other hand, it was found by watch¬ 
ing single cells that when ammonium sulfate is supplemented 
with organic nitrogen, free from vitamine, faster growth may 
result in the presence of a given amount of vitamine than without 
the organic nitrogen. It was found that accelerated growth is 
produced by the addition of a small amount of asparagine to the 
medium containing ammonium sulfate. The asparagine fur¬ 
nishes amide and amino nitrogen in addition to the ammonia 
nitrogen already present. A solution which contains ammonium 
sulfate and asparagine is not improved by the addition of a mix- 
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ture of aniiiio-acids. In an experiment with the single cell 
method^ a mixture of purified amino-acids^ alanine, leucine, tyro¬ 
sine, aspartic acid, glutaminic acid, cystine, histidine, and trypto¬ 
phane, was added to a medium containing asparagine and a small 
amount of vitamine to see if the amino-acids improved the medium. 
The blank with no amino-acids present produced an average of 
120 cells from one cell in 18 hours. With 5.0 mg. of the amino- 
acid mixture the average growth was 108 cells and with 25.0 mg. 
the average was 96 cells. From these results the conclusion was 
drawn that nothing except vitamine in the small amounts used 
will materially improve the medium which already contains 
asparagine in addition to ammonium sulfate. 

It was found by studying the growth of single cells that if an 
18 hour incubation period was allowed the growth in this time is 
directly proportional to the amount of vitamine put into the 
medium. The 18 hour period wuis successfully carried over to 
the gravimetric method here outlined. 

When the single cell method is used, commercial yeast can be 
used to very great advantage,*'being remarkabl}^ uniform in 
strength and easily suspended for the isolation of single cells. 
For the gravimetric method also commercial pressed yeast with 
uniform vitality, moisture content, etc. is very valuable as it 
makes possible a uniform seeding of the media both in quantity 
and quality of the yeast. Obviously no bakers’ yeast is abso¬ 
lutely free from foreign organisms, but the foreign organisms ai'e 
veiy few and offer no serious handicap, as the results indicate. 
Th(i v^ild yeast referred to which occasionally appears on the sur¬ 
face of the solution would not have to be considered if it wms not 
for the fact that it multiplies with enormous rapidity even in a 
weak medium. It does not appear even when quite old yeast is 
used, if the yeast has been kept at low temperature. 

The method as here outlined applies to solutions; that is, the 
vitamine to be tested must be in solution. No method of extrac¬ 
tion is outlined. The fact that nothing except vitamine (especi¬ 
ally in small amounts) is able to produce more rapid growth 
shows that the vitamine does not need to be prepared especially 
free from other materials, as impurities in all probability will have 
no accelerating effect. The total amount of material added ordi¬ 
narily will be much less than 0.1 gm. In using this method for 
vitamine determinations precautions must be taken that the 
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vitamiiie is extracted quantitatively from the material in ques¬ 
tion. Investigators have found that this is difficult to do^ especi» 
ally from some materials. In the handling of the extracts care 
must be taken that toxic substances are not introduced or formed 
which will counteract the effect of the vitamine which may be 
present. This is true also of animal feeding experiments where 
poisonous substances must be avoided. Treatment of material 
with acid especialty at high tempjerature or overheating in the 
dry condition frequently produces something toxic to yeast, 
while treatment with alkali may destroy the vitamine. The 
vitamine in some extracts is destroyed to an appreciable extent 
if kept at the boiling temperature an hour or more. An auto¬ 
lysate of yeast is not a desirable material as a yeast nutrient 
as inhibiting substances appear to be present. If the amount of 
growth produced is not proportional to the material added, but 
falls off with the larger quantity, it is good evidence that some¬ 
thing toxic is present, which becomes more potent in the higher 
concentration and counteracts the effect of the increase in 
vitamine. This can be confirmed by microscopic examination 
of the yeast produced, which reveals small granular irregular 
cells or other abnormalities. It is mainly due to the possible 
presence of toxic substances that two dilutions should be used 
for a determination. If toxic substances are present the results 
from the lower concentrations are more reliable. 

It is believed that this method will be of value in the solution 
of various problems connected with this vitamine. The ultimate 
source of this water-soluble vitamine, whether it is the green plant 
or the bacteria of the soil or other organisms, is not settled. 
Recently, however, evidence has been ol>tained that when yeast 
is provided with a certain amount of vitamine it is unquestion¬ 
ably able to build up more. In other words it has some syn¬ 
thetic powers which have also been attributed to animals. The 
function of this vitamine in animal and plant life, where it seems 
to occur almost universally, is very obscure. It is a suggestive 
fact, however, that in some of its properties, solubility, heat 
stability, alkali destruction, dialyzability, etc., this vitamine 
bears a resemblance to the coenzyme of alcoholic fermentation.® 

^ For general discussion see Harden, A., Alcoholic fermentation, .Mono¬ 
graphs on biochemistry, London, New York, Bombay, and Calcutta, 1911, 
59-69. 
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SUMMARY. 

A quantitative method for determination of the aiitineiiritic 
or watcn-soliiblc vitamine is presented, which is based upon a 
gravimetric determination. 

A iiunierical expression of results is suggested whereby the 
vitamine content of any material can be rated in terms of milli¬ 
grams of yeast produced under given conditions. 

I wish to express thanks to Professor F. C. Koch and Dr. R. E. 
Lee for help given in carrying out this work. 




MODIFICATION OF THE VAN SLYKE METHOD FOR 

DETERMINING ARGININE.* 

By a. E. KOEHLER. 

(From the Laboratory of Agriculturat Chemistry, University of Wisconsin, 

Madison.) 

(Received for publication, April 14, 1920.) 

Confirming the observation of Osborne, Leavenworth, and Braut- 
lecht^ that arginine liberates one-half of its nitrogen as ammonia 
when boiled with concentrated alkali, Van Slyke^ has made use 
of a Folin bulb set on top of a tall Liebig condenser to absorb 
and confine to the system such ammonia as is liberated during 
the boiling. This method has been used extensively in this lab¬ 
oratory, but from time to time there has been occasion to note 
the difficulties entailed in its application. The most obvious dis¬ 
advantage is the possibility of bumping which is likely to occur 
when such a concentrated solution is boiled for any great length 
of time. When it does occur, the standard acid in the bulb may 
be ejected from the bulb or be drawn back into the condenser. 

To eliminate these objections and especialty to facilitate the 
securing of accurate results, the apparatus shown in Fig. 1 has 
been devised and applied with much success. By its use, bumping 
is entirely eliminated and the ammonia as formed is drawn over 
into the standard acid by a slow current of air. The excess of 
acid can thus l.~)c titrated at once at the termination of the diges¬ 
tion. By the use of n/ 14 acid, values in cc. synonymous with mg. 
of nitrogen are obtained directly. In the aspiration it is necessary 
to use care not to mistake passage of the air through the alkali 
for ebullition and not to aspirate at too rapid a rate. In other 
respects the technique used by Van Slyke has l)een closely 
followed. 

* Published with the permission of the Director of the Wisconsin 
Agricultural Experiment Station. 

^Osborne, T. B., Leavenworth, C. S., and Brautlecht, C. A., Am. /. 
Physiol, f 1908-09, xxiii, 194. 

®Van Slyke, D. D., /. Biol. Chem,, 1911-12, x, 15; 1915, xxiii, 41L 
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FURTHER DATA CONCERNING THE ALLEGED RELATION 
OF CATALASE TO ANIMAL OXIDATIONS* 

By BAYMOND L. STEHLE and ARTHUR C. McCARTY. 

{From the Laboratory of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia.) 

(Received for publication, April 15, 1920.) 

Not long since one of us (1) presented evidence which indicated 
that tile causal relation between the catalase concentration of the 
blood and the intensity of animal metabolism, alleged l)^^ Burge (2) 
to exist, was far from being conclusively demonstrated by his data. 
A simpler explanation supported by experimental results was pre¬ 
sented. 

Burgets conclusions were drawn from a certain parallelism 
existing betwe^en the factors noted. As far as the authors are 
aware he has made no measurements of the intensity of metabolic 
activity in the course of any of his experiments. It may be true 
that metal)olic intensity and catalase content do vary in the same 
direction under the conditions he describes but in many and pos¬ 
sibly all of his experiments in which these parallel variations in 
catalase content and metabolic intensity are in harmony with his 
idea an additional variable factor is introduced; viz.^ the number 
of real cells. Inasmuch as the catalase of the blood is contained 
in the cells, particularly in the erythrocytes, any significance that 
Burge’s ex])eriments really possess is that under the conditions 
i!ii|)Osed 1 ) 3 ^ him the red cell content of the blood varies and with it 
the catalase as a necessary consequence. The variations in cata¬ 
lase content are, therefore, secondaiy in nature and bear no 
necessary relation to the rate of metabolism. This is very different 
from the unwarranted conclusion that catalase is the oxidizing 
enz 3 nne of the body. 

It is possible to vary the intensity of animal metabolism to a 
great extent without o].)serving any noteworthy change in the 
red cell content of the blood. This being true it becomes possible 
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to test Burge/s conclusions directly by determining whether, as 
a matter of fact, there is any change in the catalase content of 
the blood when the red cell count is constant and the rate of 
metabolism varied. The result of such a test is the reason for 
this communication. 

Measurements were made of the carbon dioxide production and 
hemoglobin and catalase contents of rabbit and cat blood drawn 
to correspond as nearly as possible to successive periods of normal 
and high metabolism. The apparatus described by Haldane (3) 
was employed for the carbon dioxide determinations. The high 
meta!)olism of the one period was induced in the case of the rabbtts 
by surrounding the animal chamber with ice and partially wetting 
the fur of the animals and in the case of the cat experiment b}^ the 
use of a freezing mixture only. Before the beginning of the col¬ 
lection of carbon dioxide, air was drawn through the apparatus 
with the animal in place for from 11 to 15 minutes. The current 
varied between 4 and 6 liters per minute in the different experiments 
but the rate was practically constant in any one of them. Thus 
the accumulation of carbon dioxide in the chamber w^as pre¬ 
vented since in the fore periods and in the intermediate period of 
the last experiment there was ample opportunity for an equilib¬ 
rium to be established between the production and removal of 
the gas. Therefore the carbon dioxide collected in the subsequent 
periods closely approximates the actual production in those 
periods. In the rabbit experiments the period of high metabolism 
followed that of normal metabolism wdiilc in the cat experiment 
the order was reversed. The animals varied in size, which ac¬ 
counts partly for the differences in the rates of metal)olism noted. 
They filled the chamber almost completely so tlnit there was very 
little voluntary aidivity. Catalase (\stimations were made by the 
method already described (1); hemoglobin determinations were 
made by Palmer’s (4) procedure. The results of the ex|)(‘ri- 
ments are shown in Table I. 

These six experiments appear to demonstrate conclusively 
that there may be great variations in the rate of animal 
metabolism without any corresponding change in the catalase 
content of the blood. According to Burge’s hypothesis variations 
in catalase content and carbon dioxide production should be 
parallel The statement is warranted, therefore, that the paral- 
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lelisiii l)etwe(‘ii metabolic intensity and the catalase content of 
fdood which sometimes exists, but which is not found here, does 
not prove any intimate relation between the tw'O. On the other 
hand, it appears that the data here presented suggest the absence 
of such an interrelation in so far as it is reasonable to expect varia- 


TABLE I. 


Animal. 

Period. 

Catalase. 

Hemo¬ 

globin. 

CO 2 

Remarks. 





cc. 

per cent 

ff-m. 


Babbit l.i 

Boom temperature. 

131,130 

84 

1.34 

45 min. periods. 



Low 

i( 

133,130 

90 

3.56 

Blood drawn from 
ear immediately 
preceding Period 
A and at end of 
Period B. 

a 

2. 

Boom 

u 

115,116 

83 

1 0.69 

30 min. periods. 



Low 

it 

125,129 

83 

2.16 

Blood as above. 

ti 

3. 

Boom 

it 

124,122 

71 

1.18 

30 min. periods. 



Low 

it 

127,117 

71 

1.69 

Blood as above. 



(Period A) 




Temperature of 



Low temperature. ' 

120,121 

74 

2.20 

chamber lowered 



(Period B) 




further in Period 





! 



B. 

it 

4.' 

Boom temperature. 

142,136 

74 

1.70 

45 min. periods. 



Low 

a 

128,150 

71 

2.17 

Blood as above. 

u 

5. 

Boom 

it 

173,167 

96 

1.10 

30 min. periods. 



Low 

, « 

166,170 

95 

2.20 

Blood as above. 

Cat 1. 

Low 

it 

212,213 

76 

4.06 

45 min. periods. 



Boom 

it 

235,242 

81 

1.95 

Blood drawn from 
femoral vein at 
end of each pe¬ 
riod. 


tions in the oxidizing capacity of the tissues to be reflected in the 
concentration of oxidizing enzymes in the blood d 

^ Since this paper was written Seymour has reported that no direct 
relation exists between the catalase content of turtle heart muscle and 
the rate of its beat (Seymour, E. J., Am, J, Physiol,^ 1920, li, 525). 



272 


Catalase 


BIBLIOGRAPHY. 

1. Stehle, K. L., /. Biol. Chem., 1919, xxxix, 403. 

2. Burge, W. E., J. Biol. Chern., 1919, xxxvii, 343. 

3. Haldane, J., J. Physiol., 1892, xiii, 419. 

4. Palmer, W. W., J. Biol. Chem., 1918, xxxiii, 119. 



THE FERMENTATION OF GLUCOSE, GALACTOSE, 
ANB MANNOSE BY LACTOBACILLUS 
PENTOACETICUS, N. SP.^ 

By W. H, PETERSON and E. B. FRED. 

With the Cooperation op J. A. Anderson. 

(From the Deparb^ients of Agricultural Chemistry and Agricultural Bac¬ 
teriology, University of Wisconsin, Madison.) 

(Received for publication, April 22, 1920.) 

The pentose-fermenting bacteria to which we have given the 
name Lactohacilliis pentoaceticus, n. sp} exhibit a wide range of 
activity, both with respect to carbohydrates fermented and 
products formed. The pentoses, xylose and arabinose, are rapidly 
and completely broken down to acetic acid, lactic acid, and only 
the merest trace of other products such as carbon dioxide and 
alcohol. The fermentation of fructose is not so simple and re¬ 
sults in the production of large quantities of carbon dioxide and 
mannitol in addition to the products formed from xylose.- The 
fermentation of fructose to mannitol is completed in 4 or 5 days, 
and a secondary fermentation of the mannitol, then ensues, the 
chief products of which appear to be much the same as those 
derived from fructose. However, the fermentation of mannitol 
is much slower than that of fructose. 

Tlu^ fermentation of the aldo-hexoscs, glucose, galactose, and 
mannose, differs from the fermentation of fructose in that no 
mannitol and very little acetic acid are formed, but a new com- 
l)Oimd, ethyl alcohol, is produced in large quantities. In old 
cultures a part of the lactic acid formed may be broken down to 

* Published with the permission of the Director of the Wisconsin Agri¬ 
cultural Experiment Station. 

This work was in part supported by a grant from the special research 
fund of the University of Wisconsin. 

1 Fred, E. B., Peterson, W. H., and Davenport, A., J, Biol. Chem., 1919, 
xxxix, 347. 

- Peterson, W. H., and Fred, E. B., J . Biol. Chem., 1920, xii, 431. 

273 



274 


Fermentation 


acetic acid and carbon dioxide as decomposition products, (hi 
the })asis of the quantitative data olhained, it is proposed tliat 
main line of the fermentation for the aldodicxosc's may lie rejircv 
sented by the equation 


GGHisOc^CHnCHOH.COOH-hCsH^OH-fCOo 


The small amount of acetic acid found probably results from a 
secondary fermentation of the lactic acid. The application of 
quantitative data to this equation will be considered in the ex¬ 
perimental part of this paper. 

The products formed from the aldo-hexoses by the pentose 
fermenters, Lactohacillus pentoaceticus, indicate a relationship to 
other organisms such as the ‘hnannite-bacteria’^ of Gayoii and 
Dubourg, Lalmrde, Miiller-Thurgau and Osterwalder, and Ba¬ 
cillus coK coninnmu of Harden, and the lactic acid bacteria of, 
Kayser.''^ 

Complete data for all the products formed by different bacteria 
are meager. Most of the investigational work has been con¬ 
cerned with a measurement of one or two products rather than a 
balance of all the products. It is, therefore, often difficult to 
determine the underlying causes that modify the formation of a 
given product. Frequently the variation in amount of one ])rod- 
uct is intimately associated with v^ariation in the amount of 
another product. This interrelation between the products is ex¬ 
hibited very strikingly in the recent work^ with yeast wliere 
glycerol production is paired with the production of acetaldehyde 
or acetic acid. Likewise, compounds which are termed final prod¬ 
ucts may be the result of secondary fermentations, so that it is 
impossible to relate them directly to the carbohydrate fermented. 
A careful balance between the total products formed, the sugar 
fermented, and the ratios of these products to one another will 

Gayon, IJ., and Dubourg, B., Ann. Pmimr, 1894, viii, lOS; 1901, 
XV, 527. Laborde, J,, Compt. rend. Acad., 1904, cxxxviii, 228. Miiller- 
Thurgau, H., Landw. Jahrh. Schweiz, 1907, xxi, 230. Muller-Tliiirgaii, H., 
and Osterwalder, A., Centr. BakterioL, 2te Aht., 1912, xxxvi, 129; 1917-18, 
xlviii, 1. Harden, A., J. Chem. Soc., 1901, Ixxix, 610. Kayser, E., Ann. 
Inst. Pasteur, 1894, viii, 737. 

^Neuberg, C., and Reinfurth, E., Biochem. Z., 1918, Ixxxxx, 365; xcii, 
234. Neuberg, C., and Hirsch, J., Biochem. Z., 1919, xevi, 175. 
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frequently disclose relations that were unsuspected and help to: 
give a more correct picture of the mechanism of the fermentation. 

The most comprehensive chemical data on the products formed 
by organisms similar to Lactobacillus pentoaceticus are those of 
Gayoii and Duboiirg. They give complete data for the products 
formed from fructosej glucose, galactose, sucrose, maltose, lac¬ 
tose, and raffinose, and nearly complete data for mannose, sor¬ 
bose, and xylose. 

From glucose, galactose, and mannose they obtained acetic acich 
lactic acid, alcohol, carbon dioxide, glycerol, and succinic acid. 
The proportion of these products varied somewhat with the age 
of the culture, the kind and amount of nutrients used, and the 
reaction of the medium. With the exception of glycerol the per¬ 
centage of sugar represented by the different products falls in the 
neighborhood of that formed by the pentose fermenters. Their 
organism fermented raffinose but failed to attack arabinose, man¬ 
nitol, glycerol, or malic acid, which is just the reverse of what 
takes place wdth the pentose fermenters of the group Lacto¬ 
bacillus pentoaceticus, 

Muller-Thurgau and Osterwalder describe several mannite- 
forming bacteria which produced acetic acid, lactic acid, and 
alcohol from glucose and galactose. The relation of these pro¬ 
ducts to one another varied with the organism concerned. Their 
papers give no data for the amount of gas formed or for the perr 
cent age of sugar represented by the end-products. A careful 
comparison of the pentose fermenters with their organisms shows 
many points of similarity, and also many differences in'respect 
to fermentation power and ratio of products formed. The most 
marked differences are the fermentability of mannitol and lac¬ 
tates and tlie non-ferment ability of raffinose by Lactobacillus pen¬ 
toaceticus, Other differences in behavior xnanifest themselves 
toward arabinose, xylose, glycerol, and malates. Two of theif 
organisms show high acetic acid production while a third, Bac- 
terium intermedium^ is more like Lactobacillus pentoaceticus in this 
respect. However, Bacterium intermedium ferments raffinose 
and fails to ferment arabinose, glycerol, and lactic acid. 

The fermentation of glucose by Bacillus coli communis results 
in many of the same products and in quantities comparable to 
those formed by the pentose fermenters. From the data, given 
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by Harden, acetic acid, lactic acid, alcohol, and carbon dioxide 
comprise the major products with small amounts or traces of 
succinic acid and formic acid. On the basis of the quantitative 
data obtained, Harden proposes the equation 

2 C«Hi2064-HoO-2 C3Hc03+C3H402+C2Hg04-2 C0,-{-2 II, 

The most conspicuous difference l)etwcen the products formed 
from glucose by Harden^s Bacillus coli communis and by Lacto-^ 
bacillus pentoaceticus is the very small amount of acetic acid pro¬ 
duced from glucose by the latter. As yet no evidence has been 
obtained with respect to the production of hydrogen by the pen¬ 
tose fermenters. 

Kayser' made an extensive investigation of the conditions siir- 
roimding the production of lactic acid by bacteria, isolatcnl from 
various materials. One of these, obtained from saiKU’kraut, 
possessed the power to ferment a large uuinbca' of caiiioliydrates 
including many of the loss common sugars such as xylose, aral>in- 
ose, melezitose, trehalose, and raffinose. His pa])er giv(3S no 
data for the quantity of products formed otlu‘r than volatile acid, 
mainly acetic, and lactic acid. 

In a later paper Kayser® gives quantitative data for thd pro¬ 
duction of acetic acid, lactic acid, ethyl alcohol, carbon dioxide, 
and mannitol for a niiml)er of sugars. These bacteria differ from 
the pentose fermenters with respect to the kind of volatile acids 
formed and the ratios of the various end-products. 

EXPERTMKNTAL. 

Fermentation .—The culture solution for fermentation was pre¬ 
pared by dissolving the glucose in a yeast water extract and 
sterilizing for 30 minutes at 15 pounds pressure. After steriliza¬ 
tion, the solution was inoculated, and in certain ca^ses sterilized 
calcium carbonate added. When calcium carbonate was not 
used, the acidity which developed during fermentation as shown 
by the presence of bromocresol purple was neutralized from time 
to time with sterilized 1 n NaOH. 

® Kayser, E., Ann. Inst. Pasteur, 1894, viii, 737. 

®Kayser, E., Ami. Inst. nat. agroyi., Series 1904,. iii, 241. 
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Volatile and Non-Volatile Acids, —At the end of the fermentation 
period the cultures were made up to a definite volume, centrifu- 
galized to throw down the calcium carbonate, and an aliquot was 
taken for analysis. The volatile and non-volatile acids were 
determined by steam distillation and ether extraction, respec¬ 
tively, as previously described. The nature of the volatile acids 
formed was subsequently determined by subjecting them to a 
Duclaux distillation and by the barium content of their barium 
salts. The volatile acid proved to be almost entirely acetic. 

The non-volatile acids extracted by the ether were determined 
by the Moeslinger method^ for lactic acid and their identity was 
established by the zinc salt. The non-volatile acid was found to 
be racemic lactic acid. No evidence of any other non-volatile 
acid has l)een secured. 

AlcohoL —The alcohol was obtained by saturating the neu¬ 
tralized culture solution with sodium chloride and then distilling 
over one-half to two-thirds of the aliquot taken. The distillate 
was oxidized with potassimn dichromate and sulfuric acid as 
described by Dox and Lamb,^ and then distilled. The acids thus 
obtained were identified in the same manner as already described 
for the volatile acids. 

Carbon Dioxide. —When carbon dioxide and alcohol were de¬ 
termined, the fermentation was carried on in the apparatus de- 
scril)ed in a former paper^ and the absorbed carbon dioxide 
determined by means of the Van Slyke^ apparatus for measuring 
gases. 


Firmentation of Glucose in the Presence of Calchim Carbonate, 

Fermentation took place readily, but the analytical data showed 
only sinjill amounts of acetic acid and relatively large amounts of 
lactic acid. Differences in the ratios between these two acids 
and data collected from the fermentation of fructose indicated 
that in old cultures the lactic acid in part was converted into 
acetic. Large cultures were therefore set up and aliquots were 
removed and analyzed at different periods in the fermentation. 

^ Moeslinger, Z. TJntevsuch. Nahrungs-ii. Genussmittel, 1901, iv, 1120. 

s Dox, A. W., and Lamb, A. B., J. Am. Clmn. Soc., 1916, xxxviii, 2561. 

9 Van Slyke, D. D,, J. Biol Chem., 1917, xxx, 347. 
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Marked increase in the quantity of acetic acid was found while 
the lactic acid remained stationary or decreased in ainoimt. In 
an old culture the formation of lactic acid from glucose proceeds 
at about the same rate as the decomposition of lactic acid into 
acetic acid. Hence the latter accumulates while the quantity of 
the former remains stationary or decreases. In the case of Cul¬ 
ture 41-11., the acetic has increased from 0.087 to 0.416 gm. per 
100 cc.., while the lactic remained practically unchanged at 0.717 
gm. With Culture 118-8, the increase for acetic is from 0.078 to 
0.328 gill., while the lactic shows an actual decrease from 0.713 
to 0.637 gm. The data are given in Table I. 


TABLE I. 

Fermentation of Glucose in the Presence of Calcium Carbonate for Various 
Lengths of Time. Calculated for 100 Cc. of Culture, 


Culture No. 

Age 

of culture. 

Weight 
of glucose. 

Volatile acid 
as acetic. 

Non-volatile 
acid as lactic. 

rtatio 

acetic: lactic. 


days 

am. 

gm. 

am. 


41-11 

15* 

2.00 

0.087 

0.717 

100:824 , 

41-11 

30 

2.00 

0.157 

0.722 

100:460 

41-11 

75 

2.00 

0.416 

0.720 

100:173 

118-8 

15^ . 

2.00 

0.078 

0.713 

100:914 

llS-8 

30 

2.00 

0.112 

0.740 

100:661 

118-8 

75 

2.00 

0.328 

0.637 

100:194 


* Both cultures analyzed at successive intervals during the fermentation. 


Attention is called to similar results obtained by Kayser, and 
Gayon and Dubourg. The former reports almost complete de¬ 
struction of the lactic acid at the end of 20 days. Gayon and 
Dubourg found 1.62 gm. of acetic acid and 6.10 gm. of lactic acid 
in a 9 day culture, and 25 days later found the acetic acid had 
increased to 3.73 gm., while the lactic acid had decreased to 
4.68 gm. 


Loss of Alcohol from Fermenting Cultures. 

Duplicates of the cultures whose volatile acid content is given 
in Table I were examined for ethyl alcohol, but the results were 
either negative or inconclusive. This failure to find alcohol 
proved to be due to evaporation from the fermentation flask. 
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The culture solution of 50 cc. volume was contained in a 300 cc. 
Erlenineyer flask, stoppered in the usual way with a cotton plug, 
and after 32 days of fermentation had evaporated to about 40 cc. 

Because of the small amount of alcohol found, a second expert" 
ment was set up where 500 cc. portions of solution were fermented 
in liter flasks. At the end of the fermentation period (23 days), 
the alcohol in the entire culture was distilled out and concen¬ 
trated to a volume of 200 ce. The alcohol in 50 cc. was deter¬ 
mined the dichromate oxidation method wdiile another portion 
(100 cc.) was concentrated to 33 cc. by successive distillations. 
This solution contained sufficient alcohol to give a good burning 
test and the characteristic iodoform crystals. These results in¬ 
dicate that great loss of volatile products such as alcohol, esters, 
and possilfly acids occur when flasks are stoppered with 


TABLE II. 

Loss of Alcohol from Flanks Stoppered with Cotton Plugs. 


Culture 

No. 

Afie 

of culture. 

Weight of 
sugar. 

Volume of 
fermenting 
solution. 

Volume 
of flask. 

Ethyl 

alcohol. 

Sugar repre¬ 
sented 
by alcohol. 


days 

gm. 

cc. 

cc. 

gm. 

per cent 

55-9 

32 

1.00 

50 

300 

0.017 

1.7 

69-19 

32 

1.00 

50 

300 

0.010 

1.0 

41-11 

23 

20.00 

500 

, 1,000 

2.301 

11.5 

118-8 

23 1 

20.00 

500 

1,000 

2.608 

13.0 


loose cotton plugs. In this connection it is of interest to note 
the loss of acetone from cultures of Bacillus acetoetliylicum re¬ 
cently reported ])y Northrop, Ashe, and Senior.^® The data in¬ 
volved in these fermentations are given in Ta]}le II. 

Balance of Products froni the Fermentation of Glucose. 

In these experiments all the products which had been shown 
to be formed were determined. Culture solutions of 250 to 400 
cc. were fermented, and at the end of the fermentation period the 
various products formed were determined on different aliquots. 
At the same time the unfermented sugar Avas determined. The 

10 Northrop, J. H., Ashe, L. H„ and Senior, J. K., J. Biol Chem., 1919, 
xxxix, 5. 
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data are given in Table III and bring out some very interesting 
relations. 

1. In general, not more than 70 to 80 per cent of the glucose is 
fermented. The single exception to this is the 2*5 day Ciiltuix^, 
118-8. The fermentation in the case of the aldo-hexos(*s is much 
less complete than in that of the pentoses. The inhibiting factor 
must be something other than the salts of the acids produced, for 
the concentration of these is higher with the pentosc's than with 
the aldo-hexoses. No explanation can be given at present for 
this incomplete fermentation. 

2. The sum of the four products determined represent from 85 
to 95 per cent of the sugar fermented. The unknown 5 to 15 
per cent would include any inaccuracies in the analyticad methods, 


TABLE in. 

Total Ferine ntalion Products from Glucose. Calculated for 100 Cc. of Culture. 


Culture No. 

Affc of 
culture. 

Weight 
of gIuco.se 
ferment¬ 
ed. 

Acetic 

acid. 

Lactic 

acid. 

Ethyl 

filcohol. 

Carbon 

dioxide. 

Glucose 
accounted 
for by 
products. 


dayn 

f/m. 

gm. 

grn. 

gm. 

gm. 

per cent 

41-11 

6 

0.80 

0.035 

0.254 

0.150 

0.150 

74.3 

41-11 

14 

1.22 

0.054 

0.474 

0.248 

0.293 

87.6 

41-11 ’ 

20 

1.05 

0.070 

0.343 

0.197 

0.251 

82.0 

IIS-S 

25 

1.92 

0.092 

0.816 

0.440 

0.503 

96,4 


the sugar incorporated in the cells of the organisms, and minor 
products that have hitherto escaped detection. 

3. The ethyl alcohol and car])on dioxide nre |)rodiicccl in nearly 
equivalent quantities. The slight excess of carl)on dioxide over 
ethyl alcohol may he due in part to a secondary fermentation of 
lactic acid as will be shown later. The nearly equal quantities 
of alcohol and carbon dioxide produced by many l.)acteria have 
been recorded by different investigators. This observation sug¬ 
gests the possibility that alcohol and carbon dioxide are formed 
from intermediate products similar in character to those found in 
yeast fermentation. 

From the data given in Table III the relation of the difhu’ciit 
products to one another has been calculated and expreSvS(v’l a>s 
percentage of the total products formed. The figures thus ol)- 
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tained are compared with the percentage relations that should 
exist if the fermentation proceeded according to the theory already 
proposed. An examination of the data given in Table IV shows 
values too low for lactic acid, and too high for carbon dioxide. 
The presence of 5 to 8 per cent of acetic acid is not allowed for in 
the theoretical equation. Very good agreement exists between 
the found and the calculated values for alcohol. The 5 to 8 per 
cent of acetic acid and excess 3 per cent of carbon dioxide are 
roughly equal to the deficiency in the value for lactic acid. The 
decreased ratio of acetic acid to lactic acid in old cultures, and the 
direct fermentation of lactic acid into acetic acid and carbon 
dioxide seem to warrant this explanation. The data are given in 
Table IV. 


TABLE IV, 

PercAmtage DiMrihution of Ferm,entation Products from Glucose, 


Chemical compound. 

Culture 41-11. 

Culture 

118-8. 

.4verage. 

Theory. 

6 (lays. 

14 clays. 

20 days. 

25 days. 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Acetic acid. 

5.9 

5.0 

8.1 

5.0 

6.0 

0.0 

Lactic . 

42.7 

44.3 

40.0 1 

44.1 

42.8 

50.0 

Alcohol. 

26.3 

23.2 

22.9 

23.8 

24.0 

25.6 

Carbon dioxide. 

25.2 

27.4 

29.1 

27.2 

27.2 

24.4 


Fermentation of Galactose, 

The products o]:)tained by the fermentation of galactose are the 
same as those obtained from glucose, but more galactose seems to 
have l)ecn consumed by the bacteria than was the case with glu¬ 
cose. The evidence on this point is somewhat conflicting and 
does not warrant any positive statement. The organisms seem 
to use these two sugars with equal ease. The total products 
formed and the percentage relations of the different products are 
given in Tables V and VI. 
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TABLE V. 

Total Fernientniion Products from Galactose, Calculated for 100 Cc, of 

Cidiu,rc. 


Culture 

No. 

Age of 
culture. 

Weight of 
sugar fer¬ 
mented. 

Acetic 

acid. 

Lactic 

acid. 

Ethyl 

alcohol. 

Carbon 

dioxide. 

Gala(;tose 
accounted 
for by 
products. 


days 

Om. 

gm. 

gm. 

gm. 

gm. 

per cent 

41-11 

33 

1.406 

0.086 

0.522 

0.389 

0.343 

95.3 

llS-8 

10 

1.385 

0.064 

0.475 

0.341 

0.305 

85.5 

118-8 

33 

1.542 

0.065 

0.545 

0.436 

0.409 

94.4 


TABLE VI. 


Percentage Distribulion of Ferrnerdation Products from Galactose. 


Chemical compound. 

• Culture 
41-11. 

Culture 118-8. 

Average of 
three 
cultures. 


per cent 

per cent 

per cent 

per cent 

Acetic acid. 

6.4 

6.4 

4.5 

6.4 

Lactic “ . 

39.0 

40.1 

37.4 

38.8 

Ethyl alcohol. 

29.0 

28.8 

30.0 

29.3 

Carbon dioxide. 

25.6 

25.7 

28.1 

26.5 


TABLE VII. 

Total Fermentation Products from Mannose, Calculated for 100 Cc. of 

Culture. 


Culture 

,No. 

Age of 
culture. 

Weight of 
sugar fer¬ 
mented. 

Acetic 

acid. 

Lactic 

acid. 

Ethyl 

alcohol. 

Carbon 

dio.xide. 

Mannose 
accounted 
for by 
products. 


days 

gm. 

gm. 

gm. 

gm. 

gm. 

per cent 

41-11 

37 


0.328 

0.324 




41-11 

16 

0.853 

0.097 

0.259 

0.182 

0.191 

«S5,5 

118-8 ! 

38 

0,578 

0.084 

0.104 

0.141 

0.173 

87.0 


TABLE Vm. 


Percentage Distrihut%07i of Fermentation Products from Mannose. 


Chemical compound. 

Culture 41-11. 

Culture IIS-S. 

Acetic acid. 

per cent 

13.3 

per cent 

16.7 

Lactic ... 

35,5 

20.8 

Ethyl alcohol. 

25.0 

28.0 

Carbon dioxide. 

26.2 

34,.5 
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Fermentation of Mannose. 

Mannose is generally regarded as a sugar that cannot be easily 
fermented by lactic acid-producing bacteria, and the results ob¬ 
tained with Lactobacillus pentoaceticus agree with this general 
experience. Only from 30 to 45 per cent of the sugar is con¬ 
sumed after 38 days. The difficulty with which mannose is fer¬ 
mented is probably related to the stereoisomeric configuration of 
mannose. Its configuration is more unlike the d-glucose type of 
structure than any of the other sugars used; viz., glucose, galac¬ 
tose, xylose, or arabinose. The data for the fermentation products 
formed are given in Table VII. 

The percentage distribution of the various products formed 
from mannose is given in Table VIII, and reveals a higher pro¬ 
duction of acetic acid and carbon dioxide, and a lower production of 
lactic acid than that obtained from either of the other two sugars. 
The difficult fermentation of mannose evidently forces the bacteria 
t6 destroy more lactic acid than is the ease with the more readily 
fermented glucose and galactose. 

Fermentation of Lactates. 

As has already been pointed out in connection with the fer¬ 
mentation of fructose, mannitol, and glucose, there w^as an enor¬ 
mous change in the ratio of acetic acid to lactic acid in cultures 
where fermentation wms continued for 50 to 70 days. In some 
cases there was an actual decrease in the qxiantity of lactic acid. 
This could only mean that some of the lactic acid was destroyed 
in the la,ter stages of tlio f(n*mentatio.n, and possibly acetic acid 
was formed as one of the decomposition products. An attempt 
was therefore made to ferment the lactate directly. In the first 
experiment 2 gm. of sodium lactate syrup were added to the usual 
yeast water and inoculated with the pentose fermenters. Growth 
was apparent in 1 or 2 days; the medium became turbid, the 
bromocresol purple present indicated a change in reaction, and 
stained mounts showed the presence of large numbers of bacteria. 
After 17 days the control and two of the cultures were analyzed 
for volatile acid and unfermented lactic acid. It was found in 
the case of Culture 118-8 that the volatile acid had increased from 
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4.7 cc. of 0.1 N acid in the eontrol to 28.3 c(;. in the culture, and the 
lactic acid had decreased from 113.0 cc. of 0.1 n acid in the control 
to 91.0 cc. in the culture. The total acidity had re.tnaii.ied prac¬ 
tically unchanged, being 117.7 cc. of 0.1 N acid for the control and 
119.3 cc. in the fermented solution. The volatile acid fomicd was 
later identified as acetic acid. After 37 days of fermentation two 
other cultures of the same series were analyzed and showed a 
further increase in acetic acid and a corresponding decrease in 
lactic acid. 


TABLE IX. 


Fcrnmilation of Sodium Lactate. Calculated for 100 Cc. of Cnlture. 


Culture No, 

Age of culture. 

Acetic acid. 

1 

Lactic acid. 

Carbon 

dioxide. 

Ratio 

acetic: COa 

Series I. 

daya 

(jrn. 

gm. 

am 


Control. 

17 

0.028 

1.016 



41-11 

. 17 

0.152 

Lost. 



118-8 

17 

0.170 

0.818 



41-11 

37 

0.226 

0.725 



118-8 

37 

0.242 

0.6S9 



Series II. 
Control. 

48 

0.026 

Lost. 



41-11 

48 

0.074 

1.043 

0.034 

100:71* 

118-8 

48 

0.077 

1.031 

0.031 

100:61* 


* The value of the acetic acid control was deducted before calculating 
the ratios. 


In the second experiment a carbon dioxide absorption bottle 
was attached to each fermentation flask and tine a]>sorbed gas 
determined at the end of the fermentaiion period. As judged by 
the quantity of acetic acid formed, the laeii(^ acid was not deciom- 
posed to the same extent as Avas the cas(,^ in tlie first expcuimeiit. 
The ratio of acetic acid to carbon dioxide was calculatc'd and 
approximates that required for the theory that a molecule of 
carbon dioxide is formed for each molecule of acetic acid. Tlie 
complete data calculated in gm. per 100 cc. of culture arc given 
in Table IX. 
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Identification of Products, 

Volatile Acid .—After titrating the volatile acids with 0.1 m 
Ba (OH )2 the distillate was evaporated to dryness^ taken up with 
about 61} to 70 cc. of hot water, and filtered, into 300 cc. Erlen-* 
meyer flasks. The flask was heated to boiling and when cooled 
was closed with a one-hole rubber stopper containing a carbon 
filter funnel. The end of the funnel was drawn out to a fine 


TABLE X. 

Distilling Constants of the Volatile Acids Obtained by the Duclaux Method.. 


Source of volatile acid. 

Culture 

No. 

Fractions. 

d 

u 

o 

o 

o 

C'4 

d 

o 

§ 

d 

o 

o 

d 

o 

S 

d 

o 

o 

g 

d 

o 

o 

os 

d 

o 

o 

Glucose, 

41-11* 

7.5 

15.4 

23.7 

32.5 

41.6 

51.1 

61.1 

72.3 

84.8 

100* 


41-llt 

7.7 

15.6 

24.1 

32.9 

42.1 

51.7 

62,4 

73.1 

85.5 

100 

Alcohol from glu- 












cose. 

41-11 

7.1 

15.6 

24.0 

32.8 

42.0 

51.6 

61.9 

73.0 

85.0 

100 

Galactose. 

11&-8 

7.9 

16.1 

24.6 

32.3 

42.3 

51.8 

61.9 

72.9 

,86.2 

100 

Alcohol from galac¬ 












tose. 

41-11 

7.6 

15.6 

24.0 

32.4 

41.8 

51.4 

61.6 

72.7 

:85.1 

100 

Mannose. 

118-8 

8.1 

16.4 

25,0 

33.9 

43.1 

52.6 

62,6 

73.5 

85.7 

100 

Alcohol from man¬ 












nose. 

118-8 

8.3 

16.6 

25.0 

33.8 

42.9 

52.5' 

62.6 

73.6 

85.7 

100 

Lactic acid. 

41-11 

7.8 

15.8 

24.3 

33.1 

42.3 

51.9 

62.2 

73.2 

85.5 

100 

Duclaux distilling 












constant for ace¬ 












tic acid. 


7.4 

15.2 

23.4 

32.0 

40.9 

50.5 

60.6 

71 ,'9 

84.4 

100 


* 20 day culture. 
175 


capillary tube. The amount of 1 n H 2 SO 4 required to decompose 
the barium salts was then added through the dropping funnel. 
No volatile acids could thus be lost from the hot solution. After 
standing a few hours at room temperature, the barium sulfate 
was filtered off, the filtrate made up to 110 cc., and subjected to 
Duclaux distillation. In the case of alcohol, the acid formed by 
oxidation and subsequent distillation was put through the same 
manipulation. The distilling constants obtained are given in 
Table X and agree with that found for acetic acid. In the ease 


THE JOtJHNAL OF BIOLOGICAL CHEMISTRY, VOL. XLH, NO. 2 



286 


Fermentation 


*of mannose, a small quantity of higher acid and alcohol seems to 
be present. An. exact check cannot be expected as the controls 
always give 3 to 4 cc. of 0,1 n volatile acid. This acid originates 
either from the yeast water or from the sugars as a result of steiili- 
siation. It is also apparent that the alcohol formed in the fer¬ 
mentation is ethyl alcohol. 

TABLE XI. 


Composition of the Barium Salts of the Volatile Acid, 


Culture No. 

Compound fermented. 

Barium salt 
of the 

volatile acid. 

Barium sulfate 
equivalent. 

Found. 

Calculated 

for 

acetic acid. 

41-11 

Glucose. 

gm. 

0.4248 

gm. 

0.3830 

gm. 

0.3957 

41-11 

Alcohol from glucose. 

0.4106 

0.3722 

0.3825 

41-11 

Galactose. 

0.2170 

0.1900 

0.1973 

41-11 

Alcohol from galactose. 

0.9796 

0.8912 

0.8951 

118-8 

Mannose. 

0.2056 

0.1840 

0.1879 

118-8 

Alcohol from mannose. 

0.3406 

0.3068 

0.3112 

41-11 

Lactic acid. 

0.4418 

0.3958 

0.4036 


TABLE XII. 


Water of Crystallization Contained in Zinc Lactate. 


Culture No. 

Source of salt. 

Weight of 
zinc lactate 
used. 

Water lost. 

Water in 
Zn(C:.lh03)2 
+ 3 II 2 O. 

1 


gm. 

07n. 

per cent 

per cent 

■ 41-11’^ 

Glucose. 

0,4086 

0.0696 

17.0 

18.17 

41-11t 


0.4414 

0.0772 

17.5 

18.17 

118-8 

Galactose. 

0.7126 

0.1284 

18.0 

18.17 

118-8 

Mannose. 

0.1670 

0.028S 

17.3 

18.17 


* 20 day culture. 
175 


As a check on the Duclaux distilling constants, the l)arium con¬ 
tent of the volatile acids has also been determined. The data 
found are given in Table XI and furnish evidence that the volatile 
acid is acetic, and the alcohol is ethyl. 

The Form of Lactic Acid Produced .—The zinc salt was prepared 
from the barium salt of the lactic acid formed and the water of 
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crystallization determinccL As is well known, the inactive zinc 
lactate crystallizes with 3 molecules of water, 18.17 per cent. 
From 17.0 to 18.0 per cent of water was found which indicates 
that the lactic acid formed is of the racemic type. The appear¬ 
ance of the crystals under the microscope resembled that of d-l- 
lactic acid. The data are given in Table Xll. 

SUMMARY. 

The aldo-hexoses, glucose, galactose, and mannose, are fer¬ 
mented by Lactobacillus pentoaceticus, with the production of 
lactic acid, ethyl alcohol, carbon dioxide, and small quantities of 
acetic acid. 

The acetic acid is probably not a direct fermentation product, 
but results from a secondary fermentation of the primary product, 
lactic acid. Evidence for this statement is based on the changing 
ratio of acetic to lactic with the age of the culture. In the early 
stages of the fermentation this is about 100:800, while in old 
cultures, 75 days, this ratio has decreased to 100:200. Not only 
has the ratio changed, but there has been an actual loss of lactic 
acid from the fermenting solution. 

Further proof of the fermentation of lactic acid to acetic is 
adduced from the direct fermentation of lactates. The products 
formed are acetic acid and carbon dioxide. 

Glucose and galactose are fermented at approximately the same 
rate and to the same extent. Mannose is more slowly attacked 
and less of the sugar is consumed. The unfermented glucose and 
galactose remaining after 30 to 40 days is about 20 to 30 per cent. 
In the case of mannose, the amount is from 50 to 70 per cent. 
The difficult fermentation of mannose results in a corresponding 
increase in the secondary fermentation of lactic acid to acetic 
acid. 

The difference in the extent of fermentation of glucose, 
galactose, and mannose must rest on their configuration. The 
difference in stereoisomerism between an aldose and a ketose as 
illustrated by glucose and fructose results in the production of 
ethyl alcohol as one of the major products from glucose, and of 
acetic acid from fructose. This result is probably due to different 
conditions of oxidation and reduction operating on the inter¬ 
mediate products of the fermentation. 
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IIL THE RELATION BETWEEN THE CYSTINE CONTENT OF PROTEINS 
AND THEIR EFFICIENCY IN THE MAINTENANCE OF 
NITROGENOUS EQUILIBRIUM IN DOGS. 

By HOWARD B. LEWIS.* 

With the Cooperation op Edward H. Cox. 

(From the Laboratory of Physiological Chemistry, Unwersity of Illinois, 

Urhana.) 

(Received for publication, April 5, 1920.) 

The importance of cystine for normal growth of the young white 
rat has been demonstrated by Osborne and Mendel (1) and more 
recently by Johns and Finks (2). In consequence of this work 
cystine is generally recognized as one of the essential amino-acids 
which must be present in adequate amounts in the diet. In 
acceptance of this belief most workers in nutrition experiments 
with hydrolyzed proteins have added cystine to replace that 
destroyed in the hydrolysis, particularly in acid hydrolysis (3, 4). 
Concerning the requirement of cystine for maintenance of adult 
animals, less information is available. Geiling (4) concluded 
that cystine was necessary for the maintenance of adult white 
mice. 

In a former paper (5), it has been shown that the addition of 
cystine in small amounts to the food of dogs maintained on a 
low protein level diminished the loss of nitrogen from the body 
and favorably influenced the nitrogen balance. Since the addi¬ 
tion of tyrosine and glycocoll as typical essential and non-essen¬ 
tial amino-acids respectively exerted no influence on the condi¬ 
tion of nitrogenous equilibrium under the same experimental con¬ 
ditions, the effect of cystine was considered specific. The work 
indicated that cystine was the amino-acid which determined the 

* Some of the preliminary work in these experiments was carried on 
with the aid of Mr. G. E. Simpson. 
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protein niiniinum for the mixture of proteins fed, i.e. beef heart, 
and furnished strong experimental evidence of the iiidispeiisa- 
bility of preformed cystine in adequate amounts for the main¬ 
tenance of adult animals. A more definite interpretation of the 
data was difficult since the cystine content of the mixed protein 
fed, the various proteins contained in the heart muscle of 
cattle and in the blood of the coronary vessels, was unknown. 
Analysis of the mixed proteins isolated from the material fed 
in the experiments showed a rather low content of sulfur (0.73 
per cent). 

It was considered desirable to extend the work to include pro¬ 
teins of known sulfur (and cystine) content in order to ascertain 
to what extent the minimum for these proteins for maintenance 
of species other than the white rat and mouse was determined 1)y 
their cystine content. The present investigation was planned to 
answer as far as possible the following questions. Do pxire pro¬ 
teins of known sulfur (and cystine) content vary in their efficiency 
for the maintenance of nitrogenous equilibrimn under conditions 
of a low protein input according to the relative amounts of sulfur 
(and cystine) they furnish? Can a protein low in sulfur (and 
cystine) be made more adequate for nutrition under the same 
conditions by the addition of cystine, the only definitely proved 
sulfur-containing complex of the protein molecule? 

Casein and serum proteins were chosen for the experimental 
study as representative cystine-poor and c^^stine-rich proteins 
respectively. Casein contains about 0.8 per cent sulfur, but it is 
probable that only a small part of this sulfur is present as cystine. 
Attempts to isolate cystine from the hydrolysis products of casein 
have met with little success. Morner (6) was able to obtain 
only 17 mg. of cystine from 100 gm. of casein. Casein on treat¬ 
ment with strong alkali yields about 13 per cent of its sulfur as 
alkali sulfide (7), which on the assumption that all this sulfide 
sulfur originates from cystine corresponds to about 0.60 per trert* *” 
of cystine (1). Serum albumin contains a higher percentage of 
sulfur than casein and yields about two-thirds of its sulfur as 
alkali sulfide on boiling with alkali (7). Morner (6) obtained 1.2 
per cent cystine on hydrolysis of a commercial preparation of 
dried serum proteins and a like amount from purified serum albu¬ 
min. Inasmuch as the quantitative methods for the isolation of 
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cystine are very inadequate, these figures are presumably much 
too low. 

Analyses of casein by the Van Slyke method for the distribu¬ 
tion of nitrogen have yielded results at variance with one another. 
The analyses of Van Slyke (8) show 0.20 per cent of the total 
nitrogen as cystine nitrogen, corresponding to a cystine content 
of about 0.27 per cent. Hart and Sure obtained similar figures 
(9). On the other hand, Crowther and Raistrick (10) obtained 
an average of 1.30 per cent^ of the total nitrogen present as cystine 
nitrogen, corresponding to 1.77 per cent cystine. Hartley (11) 
found 2.75 per cent cystine nitrogen, in percentage of total nitro- 
gen, in the serum proteins of ox blood. This was equivalent to 
3.78 per cent of cystine. 


EXPERIMENTAL. 

The methods and general plan of the experiments were similar to 
those outlined in a former paper (5). The relative efficiency in 
nutrition of serum albumin, casein, and casein plus cystine, under 
conditions of a low plane of protein intake, was determined by a 
comparison of the nitrogen balances of the various experimental 
periods. In the preliminary experiments, an attempt was made 
to utilize the pure proteins as the sole source of nitrogen, but the 
animals refused the food within a short time. In the studies 
recorded in Tables I to III, therefore, 15 to 20 gm. of beef heart 
(0.4 to 0.6 gm. of N) were included in the standard diets and the 
pure proteins added to this. After this change little difficulty 
was experienced in obtaining complete consumption of the daily 
ration. The nitrogen added in the form of the beef heart com¬ 
prised about 20 to 25 per cent of the total nitrogen of the diet, 
and was constant throughout the experiment, the greater part 
of the nitrogen being furnished by the protein under investigation. 

The casein was prepared according to the method of Hanimar- 
sten. The serum protein (Albumin aus Blut, Kahlbaum) wm 
entirely soluble in water, but contained some protein precipitable 

^ Professor H. S. Grindley of the Division of Animal Nutrition of this 
University has informed the writer that the work in his laboratory on the 
analysis of casein by the Van Slyke method has given results similar to 
those obtained by Crowther and Raistrick (10). 
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TABLE I. 

Dog Af Long Haired Female. 


Standard diet: Lard, 50 gm.;'cane sugar, 60 gm.; starch, 20 gm.; beef 
iieart, 15 gm.; calcium phosphate, 10 gm.; water, 400 cc. 


Feriod. 

Day. 

Weight, 

Intake 

nitro¬ 

gen. 

Urin¬ 

ary 

nitro¬ 

gen. 

Fecal 

nitro¬ 

gen. 

Nitro¬ 

gen 

bal¬ 

ance. 

Diet. 



kg. 

gm. 

gm. 

gm. 

gm. 



1 

11.16 

1.81 

2.13 

0.27 

-0.59 

Standard diet and 10 gm. 


2 

11.13 

1.81 

2.34 

0.27 

-0.80 

of casein. 

I ' 

3 

11.13 

1.81 

2.27 

0.27 

-0.73 



4 

11.13 

1.81 

2.24 

0.27 

-0.70 



5 

11.09 

1.81 

2.28 

0.27 

-0.74 



6 

11.09 

1.81 

2.15 

0.27 

-0.61 


Total. 

10.86 

13.41 

1.62 

-4.17 


Average. 

1.81 

2.24 

0.27 

-0.70 



7 

11.11 

l.Sl 

1.80 

0.40 

-0.39 

Standard diet and 11.65 


8 

11.11 

1.81 

1.67 

0.40 

-0.26 

gm. of serum albumin. 

II 

9 

11.11 

1.81 

1.72 

0.40 

-0.31 



10 

11.11 

1.81 

1.73 

0.40 

|-0.32 



11 ! 

11.09 

1.81 

1.721 

0.40 

-0.31 



12 

11.09 

1.81 

1,72 

0.40 ' 

-0.31 


Total. 

10.86 

10.36 

2.40 

-1.90 


Average. 

1.81 

1.73 

0.40 

-0.32 



13 

11.07 

1.81 

2.14 

0.37 

-0.70 

Standard diet and 10 gm. 


14 

11.09 

1.81 

2.26 

0.37 

-0.82 

of casein. 

Til 

15 

11.07 

1.81 

2.32 

0.37 

-0.88 



16 

11.07 

1.81 

2.28 

0.37 

-0.84 



17 

11.06 

1.81 

2.28 

0.37 

-0.84 



IS 

11.05 

1.81 

2,31 

0.37 

-0.87 


‘ Total.:. 

10.86 

13.59 

2.22 

-4.95 


' Average. 

1.81 

2.27 

0.37 

-0.83 



19 

11.09 

1.81 

1.45 

0.30 

+0.06 

Standard diet, 9*36 gm. of 


20 

11.11 

1.81 

0.95 

0.30 

+0.56 

casein, and 0.75 gm. of 

IV 

21 

11.13 

1.81 

1.13 

0.30 

+0.38 

cystine. 


i .22 

11.16 

1.81 

1.13 

0.30 

+0.38 



23 

11.16 

1.81 

1.23 

0.30 

+0.28 



-24 

11.13 

1.81 

1.20 

0.30 

+0.31 


■ Total. 


10.86 

i 7.09 

1.80 

+1.97 


Average,.. 


1.81 

1.18 

0.30 

+0.33 











TABLE II 


Dog G, Long Haired Female Collie, 


Standard diet: Lard, 50 gm.; starch, 20 gm.j cane sugar, 70 gm.; beef 
heart, 15 gm,; bone ash, 10 gm.; water, 450 cc. 


^Period. 

Day. 

Weight. 

Intake 

nitro¬ 

gen. 

Urin¬ 

ary 

nitro¬ 

gen. 

Fecal 

nitro¬ 

gen. 

Nitro¬ 

gen 

bal¬ 

ance. 

Diet. 



kg. 

gm. 

gm. 

gm. 

gm. 



1 

13.30 

1.77 

3.13 

0.32 

-1.68 

Standard diet and 10 gm. 


2 

13.23 

1.77 

2.91 

0.32 

-1.46 

of casein. 

I 

3 

13.25 

1.77 

2.67 

0.32 

-1.22 



4 

13.32 

1.77 

2.74 

0.32 

-1.29 



5 

13.32 

1.77 

2.68 

0.32 

-1.23 



6 

13.10 

1.77 

2.65 

0.32 

-1.20 


Total. 

10.62 

16.78 

1.92 

-8.08 


Average. 

1.77 

2.80 

0.32 

-1.35 



7 

13.20 

1.77 

1.78 

0.25 

-0.26 

Standard diet, 9.51 gm. of 


8 

13.20 

1.77 

1.36 

0.25 

+0.16 

casein, and 0.75 gm. of 

II 

9 

13.20 

1.77 

1.42 

0.25 

+0.10 

cystine. 

—__ 

10 

13.17 

1.77 

1.57 

0.25 

-0.05 



11 

13.18 

1.77 

1.62 

0.25 

-0 10 



12 

13.18 

1.77 

i 1.76 

i 0.25 

-0.24 


Total. 

10.62 

9.51 

1.50 

-0.39 


Average. 

1.77 

1.50 

0.25 

-0.07 



13 

13.16 

1.77 

2.40 

0.21 

-0.84 

Standard diet, 9.51 gm. of 


14 

13.16 

1.77 

2.82 

0.21 

-1.26 

casein, and 0.47 gm. of 

in 

15 

13.14 

1.77 

2.84 

0.21 

-1.28 

glycocoll. 


16 

13.11 

1.77 

2.57 

0.21 

-1.01 



17 

13.11 

1.77 

2.57 

0.21 

-1.01 



18 

13.07 

1.77 

2.36 

0.21 

-0.80 


Total.. 

10.62 

15.56 

1.26 

-6.20 


Average. 

1.77 

2.59 

0.21 

-1.03 



19 

13.07 

1.77 

2.43 

0.34 

-1.00 

Standard diet, 9.15 gm. of 

IV 

20 

13.05 

1.77 

2.40 

0.34 

-0.97 

casein, and 1.13 gm. of 


21 

13.00 

1.77 

2.29 

0.34 

-0.86 

tyrosine. 


22 

13.05 

1.77 

2.32 

0.34 

-0.89 


Total. 

7.08 

9.44 

1.36 

-3.72 


Average. 

1.77 

2.36 

0.34 

-0.93 



23 

13.00 

1.77 

2.05 

0.21 

-0.49 

Standard diet, 9.35 gm. of 


24 

13.11 

1.77 

1.36 

0.21 

+0.20 

casein, and 0.75 gm. of 

V 

25 

13.16 

1.77 

0.99 

0.21 

+0.57 

cystine. 


26 

13.16 

1.77 

1.09 

0.21 

+0.47 



27 

13.19 

1.77 

1.43 

0.21 

+0.13 


Total. 


8.85 

6.92 

1,05 

+0.88 


Average.. . 


1.77 

1.38 

0.21 

+0.18 
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TABLE III. 


Dog A, Long Haired Female; Weight 12.0 Kg. 


Standard diet: Lard, 50 gm.; starch, 40 gm.; cane sugar, 60 gin.; beef 
heart, 20 gm,; calcium phosphate, 10 gm.; water, 400 ce. 


Period. 

Day. 

Intake 

nitro¬ 

gen. 

Urin¬ 

ary 

nitro¬ 

gen. 

Fecal 

nitro¬ 

gen. 

Nitro¬ 

gen 

bal¬ 

ance. 

Diet. 



am. 

gm. 

gm. 

am. 



1 

2.04 

2.14 

0.30 

-0.40 

Standard diet and 10 gm. of 


2 

2.04 

2.30 

0.30 

-0.5G 

casein. 


3 

2.04 

2.25 

0.30 

-0.51 


I 

4 

2.04 

2.26 

0.30 

-0.52 



5 

2.04 

2.29 

0.30 

-0.55 



6 

2.04 

2.31 

0.30 

-0.57 



7 

2.04 

2.22 

0.30 

-0.48 


Total. 

14.28 

15.77 

2.10 

-3.59 


Average .. 

2.04 

2.25 

0.30 

-0.51 



8 

2.04 

1.70 

0.32 

+0.02 

Standard diet and 12.4 gm. of 


9 

2.04 

1.51 

0.32 

+0.21 

serum albumin. 


10 

2.04 

1.53 

0.32 

+0.19 


II 

11 

2.04 

1.58 

0.32 

+0.14 



12 

2.04 

1.52 

0.32 

+0.20 



13 

2.04 

1.83 

0.32 

-0.11 



14 

2.04 

1.75 

0.32 

-0.03 


Total. 

14.28 

11.42 

2.24 

+0.62 


Average .. 

2.04 

1.63 

0.32 

+0.09 



15 

2.04 

1.92 

0.34 

-0.22 

Standard diet and 10 gm. of 


16 

2.04 

2.21 

0.34 

-0.51 

casein. 


17 

2.04 

2.07 

0.34 

-0.37 


in 

18 

2.04 

2.13 

0.34 

-0.43 



19 

2.04 

2.09 

0.34 

-0.39 



20 

2.04 

1.92 

0.34 

-0.22 



21 

2.04 

1.94 

0.34 

-0.24 


Total. 

14.28 

14.28 

2.38 

-2.38 


Average .. 

2.04 

2.04 

0.34 

-0.34 



22 

2.13 

1.52 

0.28 

+0.33 

Standard diet, 10 gin. of casein. 


23 

2.13 

1.31 

0.28 

+0.54 

and 0.75 grn. of cystine. 


24 

2.13 

1.39 

0.28 

+0.46 


IV 

25 

2.13 

1.36 

0.28 

+0.49 



26 

2.13 

1.37 

0.28 

+0-48 



27* 

2.13 

1.51 

0.28 

+0.34 



28* 

2.13 

1.68 

0.28 

+0.17 


Total. 

14.91 

10.14 

1.96 

+2.81 


Average .. 

2.13 

1.45 

0.28 

+0.40 



Small amount of food not eaten. 
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by saturation with NaGl in neutral reaction, as well as some 
inorganic salts. In a later experiment (not recorded in this 
paper) in connection with other experiments, the protein w^as 
dissolved in water, coagulated by heat, and washed with hot w^ater 
until tests for chlorides in the wash water were negative. The 
coagulated protein was then dried m vacuo and ground to a 
fine powder. The results with this more highly purified prepa¬ 
ration were similar in every respect to those recorded here for 
the uncoagulated protein. 

As shown in Tables I and III, maintenance of nitrogenous 
equilibrium was possible under conditions of a lower protein 
intake when the serum proteins, relatively high in cystine con¬ 
tent, were the main source of the protein of the diet than when 
casein, low in its content of cystine, furnished the bulk of the 
protein. Thus on a nitrogen intake of 1.81 gm. daily (Table I), 
the average nitrogen balances were —0.70 and —0.83 gm. re¬ 
spectively during the fore and after periods w^hen casein was 
fed, as compared with a balance of —0.32 gm. in the serum pro¬ 
tein period. With a higher nitrogen intake of 2.04 gm. per day 
(Table III), the average daily nitrogen balances w^ere —0.51 and 
— 0.34 gm. respectively with casein, and +0.09 gm. with serum 
albumin. The serum proteins were also more efficient in the 
maintenance of nitrogenous equilibrium than were the proteins 
of beef heart when the latter constituted the sole source of protein 
in the diet (5). 

When casein was supplemented b^^ the addition of cystine to 
the diet (Table I, Period IV; Table II, Periods II and V; Table 
III, Period IV), the balance of nitrogen became positive in every 
case except one. The failure of glycocoll and tyrosine to influence 
the balance of nitrogen (Table II) is additional proof of the 
specific demand for cystine on a diet poor in this amino-acid. 
These results are in harmony with the work of Osborne and 
Mendel (1), in which these observers reported that growth in 
white rats occurred at a lower plane of protein intake when 
casein was supplemented by cystine than with casein alone. In 
the present series of experiments, casein supplemented by cystine 
was apparently somewhat superior in nutritive value to serum 
albumin. This may possibly be explained by the fact that some 
amino-acid other than cystine is the limiting factor for this 
protein. 
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SUMMARY. 

The relative efficiencies in nutrition of casein, a protein low 
in cystine content, and of serum albumin, high in cystine content, 
have been studied in dogs. Serum albumin under conditions of 
a low protein intake is more effective in maintaining nitrogenous 
equilibrium than is casein. When casein is supplemented by 
cystine, however, it is as efficient for the maintenance of nitro¬ 
genous equilibrium as is serum albumin. These experiments 
furnish additional evidence that cystine is essential for main¬ 
tenance as well as growth. 
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A METHOD FOR THE DETERMINATION OF METHEMO-* 
GOBLIN AND HEMOGLOBIN IN BLOOD. 

By W. S. McELLEOY. 

(From the Department of Physiological Chemistry, School of Medicine^ 
University of Pittsburgh, Pittsburgh.) 

(Received for publication, April 5, 1920.) 

While studying a type of cyanosis due to change in the blood 
pigment, with the formation of methemoglobin, need arose for 
a simple and accurate quantitative method for methemoglobin. 
A further incentive was the belief that such a method would be 
of considerable value in hospital or clinical laboratories, for appli¬ 
cation in cases of severe methemoglobinemia, when the amount 
of methemoglobin in the blood is of value in determining the 
advisability of certain therapeutic procedures, such as transfusion. 

The method to be described was suggested by the observation 
that in blood containing methemoglobin the hemoglobin deter¬ 
mined colorimetrically was considerably greater than the hemo¬ 
globin calculated from the ox^^gen capacity.^ 

Stadie^ has recently published a method for methemoglobin 
identical with ours except that the total hemoglobin is deter¬ 
mined as cyanhemoglobin after converting the hemoglobin into 
methemoglobin. 

Principle of the Method. 

The metliod is t3ased upon the fact that while oxygen, as is 
well known, is liberated from hemoglobin by potassium ferricy- 
anide it is not liberated from methemoglobin even in vacuo. The 
total hemoglobin (hemoglobin + methemoglobin) is determined 

^ A preliminary note was published by McEllroy, W. S., J. Am. Med. 
Assn., 1919, Ixxiii, 1927. The method was reported before the American 
Society of Biological Chemists (McEllroy, W. S., J. Biol. Chem., 1920, 
xli, p. xlvii). 

2 Stadie, W. C., J. Biol. Chem., 1920, xli, 237. 
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coloriiiietrically as luetliemoglobia, using potassium ferricyanide 
to convert the hemoglo])in into metliemoglobin. The oxygen 
capacity is determined by Van Sbdcets method,'^ from which is 
calculated the hemoglobin only. The hemoglobin as calculated 
from the oxygen capacity is subtracted from the total hemoglobin 
determined colorimetrically as metliemoglobin. The difference 
is the amount of methemoglobin. 

Description of the Method, 

The blood is drawn from an arm vein and oxalate used to 
prevent dotting. 1 cc. of the blood is transferred to a 50 cc. 
volumetric flask containing 20 cc. of distilled water. For this 
purpose an Ostwald pipette calibrated to contain 1 cc. is satis¬ 
factory. The blood is drawn up to the mark, allowed to drain 
into the flask, and the drop in the tip blown out. Distilled water 
is then drawn up into the pipette and discharged into the flask. 
This is repeated until the blood in the pipette and any adhering 
to the neck of the flask is washed down into the flask. 1 cc. of 
a 4 per cent solution of potassium ferricyanide is added and the 
flask agitated to insure mixing. After standing for 5 minutes 
it is diluted to the mark with water, mixed, and compared in the 
colorimeter with a standard solution of methemoglobin. The cup 
containing the standard is set at 10 or 15 mm. The result gives 
the total hemoglobin (hemoglobin + methemoglobin) in gm. 
per 100 cc. of blood. 

The oxygen capacity is determined on a portion of the same 
blood. From this is calculated the h(mioglol>in contc'iit in gm. 
per lOO cc. The hemoglobin calculated from tlui oxygmi capacity 
is subtracted from tlie total hemoglobin (hemoglobiti + metlu^ino- 
globin) and the difference is the amount of methem()gl()l)in in 
gm. per 100 cc. of blood. 

Preparation of the Standard. 

The standard solution of methemoglobin having a known 
hemoglobin content is prepared from normal clefibrinatcd or 
oxalated blood. Defibrinated ox blood is convenient. The 

^ Van Slyke, D. D., /. Biol. Chem., 1918, xxxiii, 127. 
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hemoglobin content of the normal blood is determined from its 
oxygen capacity. 10 cc. of the blood are transferred to a 500 cc. 
volumetric flask containing 200 cc. of water and 10 cc. of a 4 
per cent solution of potassium ferricyanide solution added. The 
flask is agitated and allowed to stand for 10 minutes. It is then 
diluted to the mark with water and mixed. This gives a standard 
solution of methemoglobin, the blood pigment value of which is 
known, for the determination of the total hemoglobin as described 
above. In case the standard is much stronger than the unknown, 
suitable dilution of the standard should be made until one approxi¬ 
mating in concentration that of the unknown is obtained. Of 
course the degree of dilution of the standard must be known. 

The method of calculation is best illustrated by means of an 
example. 

Standard solution of raethemoglobin = 18 gm. of hemoglobin per 100 
cc. of blood. 

Colorimetric determination of total pigment as methemoglobin = 
standard 10 mm. and unknown 11 mm. 

10 

Then ^ ~ total pigment per 100 cc. 

Hemoglobin calculated from oxygen capacity == 15 gm. per 100 cc. 

Therefore 16.36 — 15 — 1.36 gm. of methemoglobin per 100 cc. of blood. 

DISCUSSION. 

The total hemoglobin (hemoglobin + methemoglobin) cannot 
be determined colorimetrically as carbon monoxide hemoglobin 
because the methemoglobin is not converted into carbon monoxide 
hemoglobin quantitatively. The methemoglobin, however, ap¬ 
parently may be converted into acid hematin by hydrochloric 
acid and the total hemoglobin determined as such. As the 
spectroscopic data on this point is still incomplete the results 
will be published later. 

The color of the methemoglobin is very nearly identical with 
that of acid hematin and can be compared accurately colorimetric¬ 
ally. Although the methemoglobin and acid hematin approxi¬ 
mately match in color they have very dissimilar colorimetric 
values. 
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CONCLUSIONS. 

In blood containing methemoglobin the amount of metliemo- 
globin and hemoglobin can be determined quickly and accurately' 
by the method described. 



VITAMINE STUDIES. 

V. THE AHTISCOEBITTIC PROPERTIES OF RAW BEEF.'-^ 

By R. ADAMS BUTCHER, EDITH M. PIERSON, and ALICE BIESTER. 

(From the Section of Animal Nutrition, Division of x^.cjricuUural Biochem^ 
istry, and the Section of Foods and Nutrition, Division of Home 
Economics, University of Minnesota, St. Paul.) 

(Received for publication, March 30, 1920.) 


INTRODUCTION. 

The rapidly accumulating literature, both in England and in 
this country, concerning the antiscorbutic properties of food 
materials lends consideral^lc support to the view that wc are 
dealing with a third ^Tood hormone^’ which can be placed in 
the list of substances called vitainines. In fact, the recognition 
of this vitamine has become sufficiently general for Drummond,^ 
following the nomenclature of McCollum and Kennedy,^ to 
designate this vitamine as ^^water-soluble C/’ 

The work described in this paper was initiated as a part of a 
larger cooperative problem under investigation at this institu¬ 
tion; i.e., the study of the effect of heat as employed in the ordi- 
nai\y methods of food preparation upon the vitamine content of 
some of our common food materials. Meat was chosen as the 
first food to be studied, owdng to the fact that human experience 
had indicated that this food posvsessed antiscorbutic properties, 
and also because our facilities were unusually good for obtaining 
meats cooked in a variety of ways. 

Published with the approval of the Director as Paper No. 202 of the 
Journal Series of the Minnesota Experiment Station. 

A preliminary statement of this work was published in Science, 1919, 
1, 184. 

^ Drummond, J. C., Lancet, 1918, ii, 482. 

^McCollum, E. V., and Kennedy, 0., J. Biol. Chetn., 1916, xxiv, 493. 
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Our findings with regard to the antiscorbutic properties of 
'beef j which are described in this paper, were such that the orig¬ 
inal plan, involving the cooking of beef, was, of necessity, aban¬ 
doned. . 

Lind'** is ttie first observer, as far as we are aware, to ascribe antiscor¬ 
butic properties to meat. In his early studies of tropical diseases (1771) 
this writer made the interesting observation that a soup prepared from 
the flesh of the green turtle was curative in human scurvy. 

About 120 years later Barlow'* advocated the use of meat juice or meat 
gravy as an antiscorbutic food for infants, although he emphasized the 
superiority of uncooked meat over that which had been cooked. 

Smithy in an interesting article on the historical phases of antiscor¬ 
butic foods and drinks, cites the case of the Grinnell expeditions in which 
certain amount of fresh meat’' failed to prevent scurvy on the first 
expedition, while scurvy was thought to have been prevented on the sec¬ 
ond expedition by occasional supplies of fresh meat. 

More recently SteMnsson,® describing his experiences in the Arctic 
regions, states that fresh meat prevented and cured scurvy in his party. 

Wiltshire,'^ on the other hand, reports observations on 132 cases of 
scurvy among Serbian soldiers whose daily diet had contained meat which 
had been frozen. This writer is of the opinion that fresh raw meat con¬ 
tains '‘a small amount of antiscorbutic vitamine" but that freezing and 
cooking ‘‘render meat practically useless." 

Chick, Hume, and Skelton® were unable to note an}^ beneficial effect 
when meat juice was fed to guinea pigs, while Pitz® is of the opinion that 
dried meat delayed the onset of scurvy symptoms in the same type of 
experimental animal, due to the better plane of protein intake. This 
work is open to criticism, however, due to the fact that milk was fed ad 
hhilum. The antiscorbutic property of milk is undoubtedly proportional 
to the (piantil.y ingested and also, as we*^^ suggested in a previous paper, 
to th(‘ nature and quantity of the fresh feeds eaten by llie cow. 

In a recamt publication Givens and McCiugage** have substantiated our 
work showing that tlu^y were unable to prevent scurvy in guinea pigs and, 
furthermore, they found that it was impossible to prolong life on scorbutic 

^ Lind, J., An essay on diseases incidental to Europeans in hot climates, 
1771, 2nd edition, 206. 

^ Barlow, T., Lancet, IS94, ii, 1075. 

5 Smith, A. H., Lancet, 1918, ii, 813. 

® Stefdnsson, V., J. Am. Med. Asm,, 1918, Ixxi, 1715. 

^ Wiltshire, H. W., Lancet, 1918, ii, 811. 

® Chick, H., Hume, E, M., and Skelton, R. F., Bioche/ni. J., 1918, xii, 181. 

® Pitz, W., J. Biol. Chem., 1918, xxxvi, 439. 

Butcher, R. A., Pierson, E. M., and Biester, A., Science, 1919, 1, 184. 

“ Givens, M. H., and McClugage, H. B., Sciemee, 1920, li, 273. 
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diets by the ingestion of dehydrated beef. These results are not in accord 
with those of Pitz,^ the explanation of which, Givens and McClugage 
believe, lies in the amount of milk consumed by the guinea pigs in Pitz’s 
experiment. This view is also in accord with our former statements 
that is, that the milk should always be fed quantitatively, for ‘Hhe anti¬ 
scorbutic properties of milk are proportional to the amount of milk 
ingested.” 


EXPERIMENTAL. 

C are of Animals ,—^The animals used in the experiments described 
in this paper were healthy young guinea pigs weighing between 150 
and 350 gm. No guinea pigs were used until the^^ had been under 
observation for several days during which they were fed a normal 
diet of oats, cabbage, carrots, and hay. Guinea pigs which did 
not grow normally were eliminated from the experiment. The 
animals were grouped according to weight, each experimental 
group being made up of one heavy^ guinea pig, one light guinea 
pig, and two which fell l^etween the two extremes in regard to 
}.)ody weight. This was done in order that the groups should be 
comparable, one with the other, and to eliminate as far as possible 
the effect of age and size of the animals on the average length of 
time elapsing before the onset of the disease. 

The animals were confined, singly, in cages containing remov¬ 
able metal trays which were cleaned once or twice a week and 
sprayed with a cresol preparation. Clean fresh sawdust was 
used as bedding to absorb moisture. Weight records were taken 
every 4 days before feeding and the animals were under observa¬ 
tion at practically all hours of the day. Autopsies were per¬ 
formed in all cases soon after death and ankle joints and costo¬ 
chondral Junctions were placed in Zenker’s fluid, washed and 
(Rxrricd through dilute alcohol, and finally preserved in 95 per cent 
alcohol for histological examination. 

Beef Extract ,—Lean beef freed from gristle and fat was finely 
ground, and weighed portions were mixed with water and allowed 
to stand in a cool place for 12 to 15 hours. The mixture was 
then subjected to pressure in a hand press and the liquid extract 
carefully removed. The dry meat pulp was then treated with 
water a second time and allowed to stand for 2 hours. After a 
second pressing a third extraction was made. The water extracts 
were combined and made to such a volume that 2 cc. represented 
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tlie water-cxtractablc material fi*om 1 gm. of beef. Fresh extracts 
were made every 3rd day and these were kept on ice until used. 
The beef was procured in the open market. 

Ex/perimenkil Diet ,—As lias been customary with many investi¬ 
gators in this fieldj oats wei’e fed ad lihitiim. In ordca* to improve 
the protein and salt content of tli(^ ration 25 cc. of autoclaved 
milk were given daily. The milk was autoclaved for 1 hour at 
120°C. to eliminate any possibility of introducing the antiscor¬ 
butic vitamine in the milk. Little difficulty was experienced in 
getting the animals to take the milk quantitatively from dishes, 
provided water was withheld for a time before feeding. The 
beef extract was fed by hand by means of a largo medicine drop¬ 
per. In a foiv cases it was also necessary to feed the milk l)y 
hand, especially during the latter stages of the disease. 

The groups of animals in Series I received the following diets: 


Group I. 

II. 

III. 

IV. 
.. V. 

“ VI. 


Bawsal diet (oats, water, 25 cc. of autoclaved milk), 
-f* 10 cc. of beef extract. 

a it _j_ 2Q << 

li <e 0Q « (( (t i( 

<< “ q- 40 “ 

+ 5 gm. clioi>pecl raw beef. 


VII. Oats and water only. 


The detailed results of the experimental work in Series I are 
shown in Table I. 

Examination of the data in Talde I shows that the presenc(‘ of 
tlie meat extract had little effect in preventing the onset of scurvy 
symptoms or in delaying death from scurvy. Wlitui |)]otted, all 
the curves are of the same type irrespeudive of the amount of 
beef extract fed. The average length of time elapsing before' 
symptoms were noted was about 15 days, which is about the time 
usually expected on oats alone. The average kuigth of lifc.^ was 
about 26 days, which is also the time usually expected on a, sc'or- 
biitic t 3 qre of diet. It was not considered necessary to havl th(‘ 
dry beef residues which remained after extraction for the reason 
that the water-soluble antiscorbutic substance could not have 
remained behind in appreciable quantities in view of the nudhods 
employed. The feeding experiment with the solid raw beef 
(Table I) substantiates our original opinion in this regard, for the 
ingestion of the chopped raw beef showed no beneficial effects. 
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Histological examinations were made of joints and costo¬ 
chondral junctions of representative animals in each group and, 
in every case, our clinical observations were substantiated by the 
histological findings. In general, our observations are in accord 
with other investigators in this field with regard to the sympto¬ 
matology of scurvy in guinea pigs. We have felt that the face 
ache position has been somewhat overemphasized as far as S 3 niip- 
tomatology is concerned. To be sure we have noted it in a 
number of cases, but a large proportion of our scorbutic animals 
have never been found in this position. On the other hand, it is 
not uncommon to find normal guinea pigs sleeping in a manner 
which simulates the face ache position. Other symptoms, such 
as partial paralj^sis of the hind quarters, tenderness of joints, 
swelling of joints, etc., have been observed to occur with great 
regularity and it does not require much experience to be able to 
tell within a reasonable limit of error when the first symptoms of 
scurvy appear. We have also found, in addition, swollen joints 
(which harden into exostoses), fragility of bones, and loosening 
of teeth. Postmortem examination invariably reveals hemor¬ 
rhagic conditions and extravasations in many of the tissues, 
especially in the muscles of the hind legs. Swollen costochondral 
junctions are usually present and these arc often hemorrhagic. 

At the termination of the experiments outlined in Table I we 
were forced to conclude that beef extract does not contain a 
water-soluble ant.iscorl)utic substance in sufficient quantity to 
prevent scurvy in the guinea pig. We realized that meat extrac¬ 
tives and milk were not normal ingredients of a guinea pig diet 
and it was felt that it was possible tliat these foods might possess 
properties which were actually deleterious; therefore the work 
was repeated feeding orange juice in the presence and in the 
absence of meat extract. 

Ill the confirmatory work (Table II, Series II), the basal diet was 
identical with that of Series I with the exception that 20 cc, of 
pasteurized milk were fed instead of 25 cc. of autoclaved milk. 
This was done with the view of dispensing with the work of auto¬ 
claving the milk, for it is well known^^ that milk is so deficient in 
the antiscorbutic vitamine that the small quantity led (20 cc.) 

Barnes, R. E., and Hume, E. M., Lancet^ 1919, ii, 323. 



TABLE I. 

Series I. 

Influence of Cold Water Extract of Raw Beef upon Scurvy in Guinea Pigs {2 Cc.from 1 Gm. of Beef), Bawil Diet Consisted of 

Oats and Water ad Libitum ami 25 Cc. of Autoclaved Milk. 
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could not influence the course of the disease to an appreciable 
extent. 

The diets fed in Series II were as follows: 

CIroup VIII. Basal diet (oats, water, 20 cc. of pasteurized milk). 

“ IX, d- 5 cc. of orange juice. 

X. “ “4-5 “ “ “ “ 4- 10 cc. of meat extract. 

XI. “ “ 4- 10 “ meat extract. 

The details of the feeding experiment in Series IT arc suitI" 
marized in Table II. 

The data in Table II verify the results olrtained in Series I; 
i.e., that the presence of meat extract did not prowent the onset 
of scurvy. When orange juice was fed ((Iron]) IX) no scurvy 
developed, and the same is true for Canup X wliich received 
orange juice and lieef extract. When the orange juice was 
omitted (Group XI), the presence of moat extract had no (vffect 
so far as scurvy is concerned. It would appear, also, that the 
beef extract had no detrimental effect when fed in the pros(uice 
of orange juice. 

Tlie length of life, in Series II, was prolonged beyond the usual 
period, the probable explanation depending upon the diet of the 
cow from which the milk was obtained rather than upon the 
presence of the meat extract oi* the fact that the milk was not 
autoclaved. When the same milk was autoclaved for 1 hour tit 
120°C. curves and data were olvtained similar to those, with the 
pasteurized milk, • thereby eliminating the possil ulity of the 
presence of antiscorbutic vitamine in the milk. Our retisons foi” 
this view will be pu])lished in did.ail in a later })tip(n\ 

It may l)e possi}>le tliat th(\ oxplamition for tht‘. a-ntis(X)rbuti(‘- 
properties of the meat in tlie diet of Stcd’anssoids ptirty^* lic^s in iho 
fact that the meat was obtained, almost (mtirely, from th('. s(mi 1 
and the bear and included not only iiuisch^ tissue but ot-her i,is¬ 
sues, such as tiio liver. It is well to emphasize at this point tluvi 
too great care cannot be exercised in applying tli(,i rc^sults of 
experiments with guinea pigs and rats to pro]>l(uns in human 
nutrition. Recent work of Hess and IJnger^"'^ indicates tliat the 
demand of infants for the fat-soluble vitamine is much li^ss than 

Hess, A. F., and Unger, L. J., J. Am. Med. Assn.^ 1920, Ixxiv, 217. 



TABJJE it. 

Series II. 

Conjirmatory Data Relative to the Influence of Beef Extract in the Presence of Orange Juice. Basal Diet Consisted of Oats 

and Water ad Libitum + 20 Cc. of Pasteurized Milk. 
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that indicated by previous work with rats. Similar discrepancies 
will doubtless appear as vitamine work prop;resses, due to the 
varying physiological demands for specific vitamincs the 
different species of animals. 

SUMMARY AND CONCLUSIONS. 

Guinea pigs were fed diets of oats, water, and an amount of 
milk sufficient to improve the diet but insufficient to prevent 
scurvy. These animals developed scurvy and dic^d. When 
water extracts of raw lean beef were fed representing 5, 10, 15, 
and 20 gm. of raw beef no differences could be noted in the time 
of onset of scurvy or in the length of life of tlio experimental 
animals. Orange juice, added to the basal diet, prevemted 
scurvy, both in the presence and absence of rm^at exti-a-ct. The 
excellent condition of the animals on the orange juice-bcHd* extract 
diet shows conclusively that the poor condition of the animals on 
the beef extract diet was due to the abs(mce of the antiscorbutic 
vitamine rather than to any deleterious property of the beef 
extract. 

In conclusion, we wish to acknowledge the assistance of Dr. 
H. E. Robertson for his preparation and interpretation of some 
of our histological material, Dr. C. P. Fitch for assistance in some 
of the postmortem examinations, and Mr. 0. Mydland for assis¬ 
tance in caring for the experimental animals. 



CRITICAL STUDY OF METHODS FOR THE DETECTION 

OF METHYL ALCOHOL. 

By ALEXANDER O. GETTLEB. 

I Fro'm, the Chemical Laboratory of the Pathological Department. Bellevve and 
."1 Hied Hospitals, and the Office of the Chief Medical Examiner. 

New York.) 

fliecoived for ]>ublication, March 11, 1920. 

■ During the years 1918 and 1919, I have had occasion to ex¬ 
amine over 700 human organs for alcohol. In addition to this, 
about 250 liquors of various descriptions were analyzed. 

In the work with liquors, wines, whiskeys, and cordials, a very 
interesting and far reaching observation was made, particularly 
in connection with medicolegal work. It was found, when the 
liquors were tested in the customary manner, that is by oxidation 
of the alcohols to aldehydes and then appl 3 dng the usual color 
reactions (milk-hydrochloric acid test, resorcin test, gallic acid 
test), that many liquors which contained no methyl alcohol at 
all gave very good positive reactions to one or all three of the 
above named tests. Then again, liquors which contained even 
as much as 10 per cent methyl alcohol would often give a milk- 
hydrochloric acid test no different from a good ethyl alcohol liquor; 
that is, the characteristic methyl alcohol reaction was entirely 
masked (28). The cause of these false and masked reactions was 
the presence in the oxidized products of the liquors of a num¬ 
ber of substances such as acetone, acetaldehyde, ethyl alcohol, 
formic acid, dimethyl-ethyl-carbinol, secondary and tertiary 
butyl alcohol, essential oils, acrolein, and furfuroL The more 
examinations I made, the more I was impressed with the unreli¬ 
ability of the above tests. Therefore, it appeared of great impor¬ 
tance to make a study of all the tests for methyl alcohol reported 
in the literature in order to find a set of tests which, when prop¬ 
erly applied, would give results upon which there could be placed 
absolute reliance. 
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58 tests for methyl alcohol were found in the litei’ature. All 
these were put through a critical study upon eighteen liquors of 
the following description: 

Eight t^qiical good grain ah^ohol whiskies. 

One combined distillate of 58 liquors free from methyl alcohol 
and containing 42 per cent alcohold 

One mixture of 5 per cent methyl alcohol plus 55 per cent of 
above combined distillate plus 40 per cent water. 

One mixture of 10 per cent methyl alcohol plus 50 per cent of 
above combined distillate plus 40 per cent water. 

One mixture of 20 per cent methyl alcoliol plus 40 per cent of 
above combined distillate plus 40 ])cr cent water. 

One mixture of 30 per cent methyl alcohol ]dus 30 per cent of 
al.)ove coml)iried distillate plus 40 per (icait water. 

Five' typical methyl alcohol liquors (confiscated). 

Each of these eighteen liquors was subjected to all th(^ 58 tests. 
The reactions marked with an asterisk 'wen-e not complcdicfy studicxl, 
either because the reagent was not ol:)tainable or because the 
small amount on hand was not sufficient to permit the testing of 
all the eighteen samples. By applying each test to a scries of 
liquors, as the one indicated above, practically all the character¬ 
istics, such as sensitiveness, reliablity, specificity, and influences 
upon the reaction of foreign su]')stances, were l)rought out. 

The tests for methyl alcohol can he. classified into two groups: 
(A.) That group in which the methyl alcsohol must first his oxidizisd 
into formal dishy lie bisfore the tests arts applied; (B) that group in 
whicli no oxidation is necessary, tins test btung ap|:)lied ilinsctly 
to till! alcoliol moleculis. In lioth groups of methods it is impisrar 
tive, first, to distill fractionally the liquor, this olijisct lieing to free* 
the aIi!oliols from non-volatile admixed substances" anil, sisisond, 
to olitain the fdeoliol in more concentrated form. 

^ The object of using the combined sample of so many licpiors was to 
get as many as possible of the interfering substances that naturally occur 
in the average drinks. 

2 Some ciders, when oxidized directly, responded beaui ifully to all the 
color reactions for formaldehyde. If they wxre previously distilled and 
then oxidized, however, no such reactions \vere obtained. The physical 
tests and the tests depending on crystalline structure i)roved tlie ahseiuxi 
of m et h y 1 a Ieoh ol. 
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Methods of Group A, 

In this group the tests depend upon the reaction of formalde¬ 
hyde with the various reagents mentioned below. It is there¬ 
fore necessary first to convert the methyl alcohol to formalde¬ 
hyde. This is brought about by oxidation. Several methods for 
oxidizing methyl alcohol into formaldehyde are available: 

(a) Plunging a red hot copper spiral into the liquid. 

(h) Passing the vapors of alcohol mixed with air through a tube 
over hot copper. 

(c) By finely divided platinum. 

(d) Alkaline permanganate. 

(e) Potassium dichromate and sulfuric acid. 

(/) Chromic acid. 

(g) Sodium persulfate and sulfuric acid. 

(h) Manganese peroxide and sulfuric acid. 

(i) Lead peroxide and acid or alkali. 

(;/) Hydrogen peroxide and alkali. 

All these methods have been tried and I prefer the oxidation with 
dichromate or permanganate. One must not forget that during 
oxidation products other than aldehyde are formed. There is 
always a large amount of acid produced, because it is impossible 
to regulate the reaction so that the oxidation produces aldehjxle 
and goes no farther. The best we can do is to adjust our con¬ 
ditions so as to give the maximum amount of aldehyde and the 
minimum amount of acid. For this no fixed rule can be given, 
as it depends upon the ratio of alcohol present to that of the 
oxidizing agent, and also upon the temperature. At this stage 
it is well to point out that in these oxidations there is ahvaj^s a 
trace of formaldehyde formed from ethyl alcohol. This, how¬ 
ever, is not important because it is a very small fraction of 1 per 
cent and yields reactions so faint, compared to even a 0.5 per 
cent methyl alcohol liquor, that it cannot be mistaken. The 
conditions best suited for a 40 to 45 per cent (80 to 90 proof) 
alcoholic beverage are shown below in the ^‘Typical procedure 
for methyl alcohol detection.'’ In liquors containing less alcohol, 
the oxidizing agent should be correspondingly decreased. 

After the oxidation, it is necessary to destroy the excess of the 
oxidizing agent. This is done by adding sulfurous acid and boil- 
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irig until no sulfur dioxide odor is detectable, or by adding oxalic 
acid and filtcu’iiig, if nc^ceSKsary, or by adding oxalic acid and dis¬ 
tilling. I liave found that the last of these three methods is by 
far th(^ best. In distilling, if l)oth methyl and ethyl were origi¬ 
nally^ present in the liquor, the acetaldehyde coiiies over in the first 
30 cc., and the formaldehyde comes over in the next 60 to 100 cc. 
This, of course, is not a sharp division, but it separates the major 
portion of the acetaldehyde from the formaldehyde and is im¬ 
portant, as acetaldehyde is an annoying substance in the reactions 
for formaldehyde. A further advantage is that such distillation 
leaves behind the residual suljstances from the oxidizing agent. 

The oxidized and fractionally distilled material can then be 
tested by ‘<iny of the following reactions.^ 

Formaldehyde with Phenylhydrazmes. 

1. Pheiiylhydrazine hydrochloride plus ferric chloride plus concentrated 

hydrochloric acid yield a beautiful crimson color (1-4). (A) 

2. Plienylhydrazine hydrochloride plus ferric chloride and stratifying 

concentrated sulfuric acid underneath yield a beautiful crimson-colored 
ring (4, 5). (D) 

3. Phenylhy<li’‘'i'i"dne hydrochloride plus sodium nitroprusside plus so¬ 
dium hydroxide yield a deep blue color (1-4, 6-8). (A) 

4. Phenylhydrazine hydrochloride plus potassium ferricyanide plus 

concentrated hydrochloric acid ydeld a red color. Too much formalde¬ 
hyde makes the test less sensitive; therefore the material should be diluted 
before testing (9, 10). (A) 

5. Phenylhydrazine hydrochloride plus sodium a.cetate plus sulfuric 

acid and boiling yield a yellowish green color (11, 12). (D) 

6. Phenylhydrazine hydrochloride plus manganese (diloride phis con¬ 
centrated hydrochloric acid give a pink color (13). (IC) 

7. Methylplienylhydrazine (symmetrical) plus hydrochloric tudd give a 

precii>itate of dimethyldiphenylhexahydrotetrazine (14, 15). (’*') 

S. cK-a-methylphenylhydrazine plus hydrochloric acid give a dark green 
color and a precipitate may also form (14). (*) 


The letters after each test have the following significance: 

A. Ileliable, extremely sensitive, technique fairly sim})le. 

B. “ for 5 per cent or more, “ 

C. '' 5 “ long and tedious 

D. “ in great majority of cases but not in all. 

E. Unreliable. 

(*) Not completely studied. 
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9. p”E)ihydrazinodiphenylhydrochloride and warming to 50-60°C. 

yield a fiocky yellow hydrazone. This test can be used for separating 
this hydrazone from the hydrazones of other aldehydes (16). (B) 

10. p-Nitrophenylhydrazine in an acetic acid solution yields j^ellow 

needle-shaped crystals, melting at 181~182°C. If this product is made 
alkaline wdth sodium hydroxide, a violet color is produced (17). (D) 

Formaldehyde with Phenols, 

11. /3-Naphthol plus hydrochloric acid give needle-shaped crystals, 
melting at 190°C. Acetaldehyde produces no such crystallization (18). 
(B) 

12. Phenol and stratifying sulfuric acid underneath vield a red ring 
(19). (D) 

13. Resorcin plus sodium hydroxide and heating yield a red color (20). 

(D) 

14. Resorcin and stratifying sulfuric acid underneath yield a red ring 

(21-29). (D) 

15. Resorcin plus hydrochloric acid and boiling vield a red color (30). 

(D) 

16. Dimethylhydroresorcin produces a difficultly soluble condensation 

product (31). (*) 

17. Naphthoresorcin plus hydrochloric acid yield a flocculent precipi¬ 
tate which darkens on standing (32). (*) 

18. Phloroglucin plus sodium hydroxide yield a red color (20, 33-41). 

(D) ■ ^ 

19. Phloroglucin plus hydrochloric acid and heating yield a very finely 
divided precipitate and the solution becomes orange in color (42, 43). 

(D) 

20. Pyrogallol plus sulfuric acid give a chocolate-brown color (44). 

(E) 

21. Pyrocatechol plus ferrous sulfate and stratifying sulhiric acid under¬ 
neath give a violet ring (45). (E) 

22. Guaiacol plus ferrous sulfate and stratifying sulfuric acid under¬ 
neath give a violet ring (45). (E) 

23. Gallic acid and stratifying sulfuric acid underneath give a green 

ring, changing to a deep blue ring (25, 26, 46, 47). (D) 

Formaldehyde with Alkaloids. 

24. Morphine (a few mg.) plus concentrated sulfuric acid gradually 

develop a violet color, changing to indigo blue. This reaction may also 
be modified to the production of a ring test (48-50). (A) 

25. Morphine (a few mg.) plus milk plus concentrated sulfuric acid give 

a pink color, changing to deep blue. If the acid is stratified below the 
mixture, a ring of similar color is produced (51). (A) 
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2(). Codeine (a few mg.) plus concentrated sulfuric acid give-a violet 
color (52), (A) 

27. Apomorphino (a fe.w mg.) plus sulfuric acid give a violet color. This 
test is even more specific than the morphine test (53). (A) 


Formaldehyde with Proteins, 

2S. Milk plus ferric cliloride xdus hydrochloric acid and heating give a 
violet color (29, 54). (D) 

29. Milk and vstratifying sulfuric acid underneath give a violet ring 

(55-57). (D) 

30. Milk plus ferric chloride and stratifying concentrated sulfuric acid 

underneath give a violet ring (58-60). (D) 

31. Casein (mnmoniacal) solution plus molybdic salt and stratif5dng 

sulfuric acid undcirneath give a violet ring (61). (D) 

32. Albumin plus ferric chloride and stratifying concentrated sulfuric 

acid underneath give a violet ring (02). (D) 

33. Albumin plus nitrous acid plus hydrochloric acid and warming give 

a violet color (63). (A) 

34. Peptone plus ferric chloride plus hydrochloric acid and warming 

give a violet color (04). (A) 

Formaldehyde ivith Jl-mines, 

35. Diplienylamine (sulfuric acid solution) gives a green color (05b (B) 

36. Dimethylanilinc plus sulfuric acid condense with formaldehyde into 
tetraniethyldiaminodiphenyhncthane. Tlu‘ latter when oxidized by lead 
peroxide in an acetic acid solution assumes an intense blue color, becoining 
more intense on heating. The blue color obtained with acetaldehyde 
disa])pears on heating (66-73). (C) 

37. iVnilinc condenses with formaldehyde into anl^ydroformaklelfyde- 

aniline (74). (E) 

38. Carbazol in hot glacial a.(‘eti<^ acid aiul in the presence of a trace of 

hydrochloric acid or of sulfuric acid gives a while precipitate (75). (D) 

39. Oarbazol in concentralxul sulfuric acid gives a l)lue color and even 

a blue-green precipitate (76). (A) 

Formaldehyde with Miscellaneous Substances, 

40. Benzoyl peroxide plus sulfuric acid give a blood-red color. If much 

water is added to this, the color disappears (77), (*) 

41. Concentrated ammonia condenses with formaldehyde on evapora¬ 

tion into hexamethylenetetramine (urotropin). The latter gives char¬ 
acteristic crystals with mercuric chloride (78). (D) 

42. Fuchsin (reduced) x>lus sulfuric acid gradually develop a violet- 
g color (79,80). (A) 
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43. Oxidizing to carbon dioxide under conditions in wbicli ethyl alcohol 

is oxidized into acetic acid. The carbon dioxide is then identified by the 
usual reactions (81, 82). (C) 

44. Oxidizing with hydrogen peroxide in a solution made alkaline with 

sodium hydroxide and performed at low temperature (5® or lower) yields 
formic acid. The reducing power of this acid is then detected (83). (E) 

45. Mercuric oxide plus sodium sulfite in alkaline solution precipitate 

other aldehydes but do not precipitate formaldehyde (84, 85). (E) 

40. Oxidizing to formaldehyde and detecting its odor. This test is 
usually performed directly on the liquor. Oxidation is performed by 
plunging a red hot copper spiral into the liquor (86). (E) 

From the study of the above set of tests, based on the detection 
of formaldehyde produced by oxidation from the methj'I alcohol, 
the following reactions are to be preferred: Five color reactions; 
namely, (No. 1) phenylhydrazine-ferric chloride-hy^drochloric acid, 
(No. 3) phen 3 dltydrazine-sodium nitroprusside-sodiiim hydroxide, 
(No. 27) apomorphine-sulfuric acid, (No. 34) peptone-ferric 
chloride, (No. 42) reduced fuchsin-sulfuric acid; and two cr^^stal- 
producing tests, (No. 11) jd-naphthol-hj^drochloric acid, and (No. 
41) hexamethylenetetramine-mercuric chloride. The five color 
tests are extremely sensitive, one part in 200,000 being easily 
detected. The two crystal-producing tests are for specificity 
rather than for the detection of minute quantities. When the 
latter two tests are done in accordance with the foregoing methods, 
as low as 5 per cent methyl alcohol can be detected. In order 
to get crystals from material containing less than 5 per cent 
method alcohol, it is necessary first to concentrate by fractional 
distillation. The structure of the crystals and their melting point 
are specific tests. The production of crystals is definite and con¬ 
vincing proof that the suspected liquid contains formaldehyde. 
The technique in detail of these tests is given below. 

Methods of Groiij) B, 

Within this class fall those methods which are based upon the 
interaction of the methyl alcohol molecule with the reagent added, 
no oxidation being necessary. Methyl alcohol is used with the 
following substances. 

1. Sodium alizarin sulfonate in alkaline solution produces a clear violet 
color with both ethjd and methyl alcohol. If crystals of oxalic acid are 
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added and the mixture is shaken, methyl alcohol will produce a dirty, 
slimy precipitate, while ‘with ethyl alcohol the solution will rcinain clear 
(87), (D) 

2. Sodium salicylate plus concentrated sulfuric acid yield the odor of 
incthyl salicylate (88, SO)* (E) 

3. Iodine plus red phosphorus produce methyl iodide. This product 

ts then treated with aniline and sodium hydroxide is added. The oily 
bases which rise to the top are removed and oxidized with a mixture of 
mnd plus sodium chloride plus cupric nitrate and heat. The product is 
taken up with warm alcohol. It assumes a red color if only ethyl alcohol 
was present originally, but if methyl alcohol was present (even 1 per cent) 
the color obtained is violet (methyl aniline violet) (73, 90-94). (C) 

4. Iodine plus red phosphorus yield methyl iodide. This is distilled 

with silver nitrite, yielding nitromethane. To this yiroduct are added 
ammonia and vanillin and then it is heated. If methyl alcohol is present, 
a red color develops (95). (E) 

5. Iodine plus red phosphorus yield methyl iodide. This is then dis¬ 

tilled with silver nitrite, yielding nitromethane. To this are added am¬ 
monia and sodium nitroprussidc. A blue color develops which, on standing, 
changes to green and then to yelloAv (90). (E) 

6. Iodine plus red phosphorus produce methyl iodide. Separate the 

methyl iodide from the ethyl iodide (if present) by fractional distillation, 
and then get the saponification number. As ethyl iodide and methyl 
iodide have different saponification numbers, the amount of each can be 
CvSt[mated (97). (C) 

7. Iodine plus red phosphorus yield methyl iodide and ethyl iodide. 
Purify these by washing, drying, and redistilling and then take the specific 
gravity. From the specific gravity the amount of each can be estimated 
(98). ‘(C) 

8. Borax when mixed with methyl alcohol and ignited burns wdth a green 

flame (09). (E) 

9. Hydroxylamine plus potassium hydroxide and boiling for 7 hours 
under a reflux condenser yield cyanide. Ethyl alcohol, acetaldehyde, 
acetal, and amyl alcohol do not yield cyanide under these conditions. The 
cyanide so produced is detected by the Prussitin blue test or the ammonium 
sillfocyankle test (190). (A) 

10. Oxalic acid yields typical cry.stals on boiling and then cooling. 

These crystals, if pure, melt at 54®C. (101). (D) 

11. llefriiction and its relation to the specific gravity is a relialilc method 

of differentiation (54, 102). (B) 

12. Selenic acid and a trace of silver bromide will precipitate ethyl 

but not methyl alcohol (103). (D) 

All the methods of this group require a large amount of alcohol. 
There is none here which can detect very small amounts. The 
technique is, in the majority of these tests, long and tedious, as, 
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for example, in No. 3, Group B, which is endorsed by the De¬ 
partment of Agriculture, Bureau of Chemistry. Therefore, a 
method which requires little time, is simple to perform, and at 
the same time just as specific must be given preference. 

The outstanding test in Group B is No. 11. The relation 
of the specific gravity and the index of refraction is so markedly 
different in the two alcohols that it serves well for detecting 
methyl alcohol in ethyl alcohol. As a color reaction No. 9, 
Group B, is very good. Methyl alcohol on long boiling with 
hydroxylamine and alkWi yields cyanide; ethyl alcohol does not. 
The cyanide produced is then easily detected by the usual re¬ 
actions (p, 322). 

All methods for the detection of methyl alcohol which ha^e 
been proved to be due not to the methyl alcohol but to impuritie^ 
found in the commercial product are omitted in this article. 
Among these may be mentioned (1) the property to prevent 
the precipitation of mercury by hydroxide (due to acetone), (2) 
the formation of iodoform in the cold with alkaline potassium 
iodide solution, (3) the production of a flocculent precipitate 
with Nessler reagent, and (4) the property to decolorize perman¬ 
ganate more rapidly. 

After the above short discussion of the various methods for 
testing methyl alcohol, I will now indicate the procedure which 
experience has shown to be the bcvst and the most reliable for 
detecting methyl alcohol in all kinds of liquors. 

Typical Procedure for Methyl Alcohol Detection in Liquors. 

PrepamUon .—100 cc. of liquor are taken in a 200 cc. distilling 
flask, neutralized with sodium carbonate solution to phenolphtha- 
lein, and slowly distilled until 50 cc. of distillate have been col¬ 
lected. The distillate is then divided into two portions, Distil¬ 
late A, 30 cc., and Distillate B, 20 cc. The latter is tested directly 
as under No. 11, Group B, and No. 9, Group B. 

Oxidation.—kddi 100 cc. of 10 per cent sulfuric acid to Distil¬ 
late A, using a 250 cc. distilling flask; also add 6 gm. of potassium 
diclnomate and let stand for 10 minutes. Connect with a con¬ 
denser and receiver and very slowly distill off 30 cc. The dis¬ 
tillation of these 30 cc. should take 1 hour; the distillate then 
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contains most of the acetaldehyde but very little of the formalde¬ 
hyde, and is to be rejected. The distillation is then continued a 
little faster, until 60 cc. are obtained. This part of the distil¬ 
late contains most of the formaldehyde and hardly any acetalde¬ 
hyde. Some formaldehyde may still be left in the distilling flask, 
but the greatest portion is in these 60 cc. and this is used for the 
tests. 

The tests in Group A can be subdivided into several groups, 
depending upon the reagents used. In the first group, phonyl- 
hydrazines are used as the reagent (No^i^^yFto 10); in the second, 
phenols (Nos. 11 to 23); in the third, alkaloids (Nos. 24 to 27); in the 
fourth, proteins (Nos. 28 to 34); in the fifth, amines (Nos. 35 to 39); 
apd, lastly, there are a number of miscellaneous substances of varied 
iPructure (Nos. 40 to 46), It is my desire to selecd the most reliable 
tests and, if possible, choose them in such a way that each one is 
taken from a different subgroup. The advantage of such a sot of 
reactions is obvious—each reagent used is of an entirely different 
structure; namely, hydrazine, phenol, protein, alkaloid, etc. It 
might be possible that a foreign substance in the suspected liquor 
will react somewhat like formaldehyde with one of the reagents, 
but it is not likely that the same substance will react in a manner 
similar to formaldehyde with all five of the reagents, each reagent 
being constructed differently. Furthermore, I never depend on 
color reactions alone; they should always be verified by tests 
which yield crystals, the latter being conclusive. CrystaJline 
structure and melting point arc definite and specific proof of the 
presence of a sul)stance. I further amplify my proof l)y study¬ 
ing the physical properties of the alcohol, as descril)ed in No. 11, 
Group B. 

Detection .—The tests are conducted in the following scHpience. 

1. A^o. Grouq) A; Color Remiion 7, 8 ).—C cc. of tliis oxidized 
fraction are added ten drops of a 5 percent solution of phenylli.ydrazdiic 
hydrochloride, one drop of a 0.5 per cent sodium nitroprussidc solution, 
and ten drops of 10 per cent sodium hydroxide solution. If fornuildcbyde 
is present, a blue color is obtained which changes to green and then to 
yellowish red. Acetaldehyde produces a red color. 

No. 12, Group A; Color Reaction {19 ).—To 2 cc. of the material add 
two drops of 2 per cent phenol and carefully stratify sulfuric acid under¬ 
neath. A red ring develops. Acetaldehyde gives a yellowish green, !)rowii, 
or reddish brown ring. 
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S. No. 27, Group A; Color Reaction {63). —To 2 cc. of the oxidized ma¬ 
terial add 5 cc. of concentrated sulfuric acid, then add a few mg. of apo- 
morpliiiie. A reddish violet color develops. 

J}.. No. 34, Group A, Color Reaction (d^),—2 cc. of the oxidized material 
are heated to boiling after the addition of 0.08 gm. of peptone, three drops 
of 3 per cent ferric chloride solution, and its own volume of concentrated 
hydrochloric acid. If the original sample contained as little as 1 per cent 
of methyl alcohol, a bright violet coloration develops. Less peptone and 
less ferric chloride make it more sensitive. 

5. No. 42, Group A; Color Reaction {79, 80). —To 2 cc. of the material 
add 1 cc. of concentrated sulfuric acid, cool, and add 5 cc. of fuchsin 
bisulfite solution; mix and allow to stand. The presence of formaldehyde 
is indicated by the violet-red color which gradually develops. 

Idle fuchsin solution is made as follows. 

Dissolve 0,5 gin. of fuchsin in 200 cc. of distilled water; add an aqueous 
solution of sulfur dioxide, the quantity corresponding to 1 gm. of sulfur 
dioxide gas; allow to stand until the solution assuihes an amber color 
(this requires about 1 hour). The colorless fuchsin bisulfite solution which 
is obtained when more than 1 gm. of sulfur dioxide is added to 0.5 gm, of 
fuchsin is valueless as a reagent after standing 2 days. A solution pre- 
]>ared as outlined will keep well for 10 days, although it is recommended 
not to use a solution after 7 days. 

6. No. Group A; Crystals (Microscopic) {78). —10 cc. of the oxidized 
material are put into a small evaporating dish; 10 cc. of strong ammonia 
are then added. The mixture is evaporated, just to dryness, on the water 
bath. The formaldehyde condenses with the ammonia to hexamethylene¬ 
tetramine. The latter is then dissolved in a few drops of water. A drop 
of mercuric chloride is added to a small amount of this solution and placed 
on a microscope slide. Typical crystals of hexamethylenetetramine- 
mercuric chloride develop. The shape of these cystals varies with the 
concentration. It is, therefore, best to make control experiments for com¬ 
parison with the suspected material. 

7. No. 11, Group A; Crystals and Melting Point { 104 ). —Place in a test- 
tube 3 cc. of the oxidized distillate, 0.04 to0.06 gm. of ^-naphthol, and three 
to five drops of concentrated hydrochloric acid. Boil gently until the 
liquid becomes filled with an abundant precipitate of small white needles. 
Filter while hot. Wash with 1 cc. of dilute alcohol (1:2). Boil the pre¬ 
cipitate with 4 cc. of dilute alcohol (1: 1). (It is not necessary that all 
should dissolve.) Cool and filter off the precipitate. Wash with 1 cc. of 
dilute alcohol (1:1). Dry on porous tile in a warm place and determine 
the melting point. 

Methylene-di-i(3-naphthol, the product, forms white needles which, when 
the temperature in the neighborhood of the melting point is raised at the 
rate of in 15 seconds, begin to turn brown at ISO®. It melts with de¬ 
composition to a red-brown liquid at 189-192® (uncorrected). 

8. No. 11, Group B; Physical Properties (102). —Determine at 20°G. the 
refraction of the distillate obtained in the determination of alcohol by the 
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inlinersion refractoinctcr. If, on reference to the table, tlie rerra(‘tioii 
shows the percentage of alcohol agreeing with that olitaiucd from 
specific gravity, it may bo safely assumed that no methyl alcohol is present- 
If, however, there is an appreciable amount of methyl alcohol, the low 
refraefcometer reading will at once indicate the fact. If the absenujo from 
the solution of refractive substances other than wniter and the alcohols is 
assured, this qualitative test, by difference in refraction, is conclusive. 

The addition of methyl to ethyl alcohol decreases the refraction in direct 
proportion to the amount present; hence the quantitative calculation is 
readily made by interpolation in the table, using the figures for pure ethyl 
and methyl alcohol of the same alcoholic strength as the sample. 

Example .—Suppose the distillate made up to the original volume of the 
!uea,sured portion taken for the alcohol determination has a specific gravity 
of 0.97350, corresponding to 18.88 i>er cent alcohol by weight, and has a 
nTractiori of 35.8 atid 20“O. by the immersion refractometer; by ititerpohi- 
tion in the refractometer table the readings of ethyl a/nd metliyl alcohol 
coiTespondiiig to IS.38 per cent alcohol are47.2 and 25.4, respectively, the 
difference being 21.8; 47.2 — 35.8= 11.4; (11.4 21.8) 100 = 52.3, showing 

tliat 52.3 per cent of the alcohol present is methyl alcohol. 

9. iVo. 9, Group B; Color Eeaelion (WO ).—After specific gravity and 
refraction have been determined, take 20 cc. of the distilhite and boil for 
7 hours in a reflux apparatus with 15 gm. of potassium hydroxide and 1 gm. 
of hydroxy]amine hydrochloride. This produces cyanide if metlijd alcohol 
is present. The mixture is then cooled, acidified with sulfuric acid, and 
distilled with steam. The distillate is tested as follows. 

To 5 cc. add a few drops of sodium hydroxide, a few drops of ferrous 
sulfate, and then ferric chloride. Finally, acidify with hydrochloric acid; 
if cyanide is present a Prussian blue color results. To a second5 cc. portion 
add a few” drops of sodium hydroxide, then add 2 or 3 cc. of yellow am¬ 
monium sulfide, and evaporate to dryness on the -water bath. Cool and 
acidify with hydrochloric acid. Filter and add 1 cc. of ferrit; chioi’ido. If 
a red color is produced, cyanide is present, indicating that methyl alcohol 
was originally present. 

It might be well to mcntioni tlu^ n^d liot. eoi)per spiral and odor 
test. It is extrciuriely sin}|)le and is tli(^ only test wliich a travelling 
liquor inspen^tor can perform. It drqKmds on tlu*. production of 
fornialdehydc when a rod hot (joppew spiral is plunged into imdhyl 
alcohol. The odor, or, bottijr, th(i sensation which fonnaldc- 
hyde produces in the upper part of thc! nose miist tlicm l)e vox- 
ognized. For strong methyl alcohol whiskies this test is fairly 
good, but where it is a matter of 5 or 8 per cicuit of methyl mixed 
with ethyl alcohol or other substances found in liquors, it is ex¬ 
tremely difficult, even impossible, for many people to detect the 
presence of methyl alcohol. I have tried this experiment on many 
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individuals^ using the same liquor, and found that some' said 
methyl alcohol was present, others believed it to be absent, and 
still others were undecided. 

Typical Procedure for Methyl Alcohol Detection in Tissues. 

500 gm. of tissue are finely ground and put in a 1.5 liter distil¬ 
ling flask. 500 cc, of water are added. Enough sulfuric acid is 
added to make it distinctly acid. A few drops of mineral oil are 
then added to prevent frothing, and the mixture is distilled with 
steam. The distilling flask containing the material must be 
heated on a boiling water bath during this steam distillation. 
300 cc. are collected. This distillate is then placed in a 500 cc. 
distilling flask neutralized to phenolphthalein, if necessary, and 
slowly redistilled, this time without steam. 100 ec. are collected 
and put into a 150 cc. distilling flask. 5 cc. of concentrated sul¬ 
furic acid are added and the mixture is then allowed to cool. 0.1 
gm. of potassium dichromate is added and shaken to dissolve. 
Connect with condenser and receiver and slowly distill until 40. 
cc. are obtained. All the formaldehyde usually comes over in 
tlie first 40 cc., unlike that in the distillation of the oxidized liquors. 
The distillate is then used for the following reactions, 2 cc. being 
used for each of the first five tests, and 30 cc. for the sixth. 

1. No. 4^, Group A .—Fuchsin (reduced) plus sulfuric acid gradually 
develop a violet-red color. If no sulfuric acid is added, both acetaldehyde ' 
and formaldehyde give the reaction. For details, see page 321. 

IB. No. S, Group A .—Phenylhydrazine hydrochloride plus sodium nitro-; 
prusside plus sodium hydroxide yield a deep blue color. For details, see 
page 320. ■ ' 

S. No. 24, Group A .—To 3 cc. of distillate add 5 cc. of concentrated , 
sulfuric acid; mix; cool. Then add a few mg. of morphine. A violet-red 
color develops if methyl alcohol was originally present in the tissue. 

4. No. 28, Group A. —To 3 cc. of distillate add 3 cc. of milk, then add 
a drop of very dilute ferric chloride and 5 cc. of concentrated hydrochloric 
acid. The mixture is then placed in a boiling water bath. A violet color 
develops if methyl alcohol was originally present in the tissue examined. 
Although this test is unreliable when examining liquors, it is quite trust¬ 
worthy and characteristic when working with tissues. This is probably 
due to the organism having destroyed or conjugated and excreted the 
interfering substance originally present in liquors. 

5. No. 23, Group A .—To 3 cc. of distillate add five or six drops of a 
saturated alcoholic solution of gallic acid and stratify some concentrated 
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sulfuric acid uiiderneatli the mixture. A green to blue ring develops 
if methyl alcohol was originally present in the tissue. 

6. No. 41 , Group A .—Concentrated ammonia condenses with fomialde- 
hyde on evaporation into hexamethylenetetramine (urotropin). The 
latter gives characteristic crystals with mercuric chloride. Tor detaiiSj 
see page 321. 

It is not necessary to obtain hexamethylenetetramine-mercuric 
chloride crystals to prove conclusively the presence of methyl 
alcohol in tissues. The reason for this is that the foreign sub¬ 
stances found in liquors which cause false reactions are oxidized 
or conjugated and excreted rapidly from the organism^ so that 
on distillation of the brain or liver tissue they are absent in the 
distillate. 


SUMMARY. 

1. The literature on methyl alcohol detection is reported. 

2. 58 tests for the detection of methyl alcohol were critically 
studied to ascertain the reliability, specificity, sensitiveness, and 
influence of foreign substances upon them. 

3. Over 250 liquors and over 700 human organs were analyzed 
for methyl alcohol. 

4. The most reliable tests are pointed out. 

5. A typical procedure for methyl alcohol detection in liquors 
is given in detail. 

6. A typical procedure for methyl alcohol detection in tissue is 
given in detail. 

I wish to acknowledge with thanks the valuable aid rendered 
hy Mr. Harry Schwartz in the experimental work and in 
compiling the bibliography. 
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In 1918, following an opportunity to examine a niuiiber of 
cases of chronic manganese poisoning occurring in a plant in the 
eastern part of the United States (1) it -was decided to undertake 
chemical studies of the occurrence and distribution of manganese 
in normal subjects, in diseased subjects, and as opportunity per¬ 
mitted in cases of manganese poisoning. The first necessity of 
such a program lay in the development of a direct and simple 
method of manganese analysis. Such a method is now available 
and is reported in detail in the following paper. Its use has 
made possible the investigation of a variety of problems some of 
■which are now under investigation in this laboratory and will be 
reported in subsequent papers, as for example the eventual dis¬ 
tribution of insoluble non-toxic compounds introduced into the 
blood stream, and the points of excretion of metallic ions in the 
intesline. 


Discussion, of the Literature. 

The literature on manganese readily discloses the fact that this 
element occurs in practically all living tissues. The literature 
from the time of Wurzer (2) contains occasional reports of man¬ 
ganese determinations in blood, many of -which appear undoubt¬ 
edly erroneous. However, in 1905, Bertrand began a series of 
exact scientific researches on the subject of manganese. These 
papers (3) deal with the effect of the catalytic action of traces of 
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manga,ru^se on the growth of certain molds^ plants, and bactei'ia. 
Bertrand (.Hinoludes that nianagnese is of groat physiological im¬ 
portance^ in plant and animal life. 

In a paper on the normal manganese content of blood (4), Bci*- 
traiid and Medigreceamx present an excellent review of the litera¬ 
ture on this subject and report tlie following determinations of 
manganese expressed in milligrams per liter of blood. 


mi- 

Man (2). 0.02 

Sheep. O.OG 

Horse (3).0.02 

Steer (3). 0.02 

Pig (3). 0.02 

Rabbit (3). 0.02 

Seal. 0.02 

Chicken. 0.02 

Duck. 0.02 


Determining the manganese separately in plasma'and corpuscles 
in sheep blood, they find: 


Plasma.... 
Corpuscles 


mg. 

fO.06 
\0.05 
/ 0.025 

lo .02 


In two later papers (5) they report several hundred analj^ses 
of various tissues of many invertebrates, fishes, and lower animals 
and invariably find manganese. The following table gives some 
of their results calculated on 100 gm. of fresh substance. 



Liver. 

Kidney. 

LungB. 

Eggw. 


mg. 

mg. 

7ng. 

m.g. 

Dog. 

\ 0.306 

O.lOG 

0.010 


Ox. 

0.298 

0.0S4 

0.000 


Calf. 

0.290 

0.0G3 

0.011 


Pig . 

Q.2G5 

0.128 

0.023 


Horse. 

0.289 

0.077 

0.006 


Rabbit. 

0.285 I 

0.093 

0.010 


Chicken. 

0.041 

0.271 

0.010 

0.063 

Duck. 

0.380 

0.238 

0.010 

0.054 

Frog. 

0.040 




Dogfish.... 

0.089 
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Bertrand points out the fact that the organs of principal func¬ 
tional importance, e.g. liver, kidney, etc., have the highest man¬ 
ganese content while the muscles, lungs, nerve tissues, etc. con¬ 
tain very little. He finds more manganese in the organs of birds 
than in mammals. There is some in the yolks of eggs and some 
in milk. From these data he concludes that manganese has an 
important physiological place in the living organism. 

The method of analysis emplo 3 md b}’' Bertrand in these re¬ 
searches is briefly as follows (4, 6). 

The tissue or blood is heated in platinum until nearly all the 
carbon disappeax’s, the temperatoe being kept as low as possible 
to prevent the formation of the difficultly soluble manganese 
sesquioxide. The ash is treated first with a small amount of 
hydrochloric acid and warmed gently to dissolve any traces of 
sesquioxide which may have been formed, and then treated with 
sulfuric acid at a dull red heat. This treatment destroys the last 
trace of carbon and if not too strongly heated the manganese is 
left in easily soluble form. 

Bertrand (6) discusses the various agents which have been pro¬ 
posed for the oxidation of manganese; viz., lead peroxide by Crum 
(7), bismuth peroxide b^^ Schneider,^ potassium h^^pochlorite 
in the presence of copper sulfate by Duyk,^ and alkaline pei’sul- 
fate in the presence of silver nitrate Marshall (8). He finds 
the use of lead peroxide and the alkaline persulfates most satis¬ 
factory. In his hands the lead peroxide method, which consists 
of boiling a nitric acid solution of manganese with lead peroxide, 
allowing the dioxide to settle, and comparing the color formed 
with standards similarly prepared, gives results if exactl}" the 
proper experimental conditions ai’e maintained; but he finds it 
very slow and troublesome and much prefers the alkaline persul¬ 
fate method. 

The alkaline persulfate method of Marshall (8) depends upon 
the following reaction, which takes place only when silver is pre¬ 
sent as a catalyst. 

2 Mn(N 03)2 + oKSzOs + 8 H 2 O = 2 HM 11 O 4 + IOKHSO 4 -f 4HNOa 

This reaction is due to the intermediate formation of silver 
peroxide, as proved by Bertrand (6). iVfter considerable experi- 

1 Cited by Bertrand (6). 
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mental work Bertrand varies slightly the conditions prescTibcd 
hj Marshall and finally arrives at the following procedure. Tlie 
residue from the sulfuric acid treatment is dissolved in nitric 
acid (sp. gr. 1.33) previously diluted with three volumes of water. 
The solution is made up to 10 cc. in a graduated tube, five drops 
of 10 per cent silver nitrate and 0.1 gm. of powdered potassium 
persulfate are added, and the whole is gently heated to boiling 
to develop the permanganate color and to decompose the excess 
of persulfate. This color is compared with standard solutions 
similarly prepared in standard comparison tubes. Bertrand states 
that only potassium persulfate can be used successfully and that 
amnioniiini persulfate always gives incorrect results (6). 

In 1907, Bradley proved manganese to be a normal constituent 
of the tissues and eggs of the fresh water clams, Undo and Anoclonta 
(9). His analyses showed that the diy tissues contain about 1 
per cent of manganese. Since in this case the manganese content 
was so high, he had no difficulty in applying a modified Volhard 
method. In his later paper (10) he develops a shorter titration 
method, wherein he oxidizes the manganese from the asli, with 
aminonium persulfate in a nitric acid solution in the presence of 
silver as a catalyst, to permanganic acid. After boiling, he tit¬ 
rates the permanganic acid with a standard solution of arsenious 
acid. Although specimens of these clams obtained from all parts 
of the United States were anatyzed not one was found that was 
manganese-free, nor did the amount present vary greatly. Brad¬ 
ley a,] so showed that in water where the manganese content was 
very low the clams were of smaller size than in those waters 
wliere the manganese was more plentiful, thus indicating that 
manganese was a necessary element in their metabolism. 


Method. 

Since it has been shown that the blood and tissues contain 
only a very small amount of manganese, and, since the limit of 
sensitivity of the colorimetric method is 0.002 mg., it is evident 
that if results of value are to be obtained the sample of material 
taken for analysis must be fairly large, 20 to 100 gm. The de¬ 
struction of this large amount of organic material without loss 
of the small amount of manganese becomes a matter of some diffi¬ 
culty. 
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There are two principal operations to be considered in the dis- 
cussion of any process for the determination of small amounts of 
manganese in blood and animal tissues; (1) the Wring and sub™ 
sequent solution of the material, and (2) the regulation of condi¬ 
tions for the oxidation of the manganous salts to permanganic 
acid. These two operations will be discussed separately and in 
the above order. 

Ashing and Subsequent Solution of MateriaL 

When we first tried Bertrand^s method we feared low^ results 
on account of the difficulty of dissolving the ignited ferric oxide 
of the ash in hydrochloric and sulfuric acids at a low temperature 
and felt it would be safer to take up the ash with an acid fusion, 
which is essentially treatment with sulfuric acid at 5()0-~600°C. 

The first problem then was the choosing of a receptacle suitable 
for this fusion. In the literature the ashing process is nearly 
ahvays described as being carried out in platinum at as low a 
temperature as possible. In such a slow^ process the expense is 
prohibitive if many analyses are to be made at a time. There 
is also a possibility of solution of some of the platinum, which is 
likely to interfere in the final color determination. For these 
reasons we have not considered platinum, and there remained a 
choice of porcelain, Pyrex glass, or quartz. We have tried all. 
three of these. 

Small porcelain dishes of a variety of makes gave good results 
except that breakage %vas frequent and the inside glaze had a 
tendency to chip after being used a few times. 

With Pyrex glass we had rather high breakage and the glass 
would often soften when the dry ashing and fusion process was 
used. However, better results were obtained with what we may 
call the wet process; i.e., destruction of the organic material with 
mixtures of concentrated sulfuric, hydrochloric, and nitric acids 
in a Pyrex Kjeldahl flask. This process would admit of no ques¬ 
tion as to complete recovery of manganese from the ash, neither was 
there any danger of contamination, as repeated tests have shown 
that Pyrex glass is free from manganese. The tissue or blood was 
boiled a short time with concentrated sulfuric acid to remove 
water and fat and then 30 to 40 cc. of concentrated nitric and 
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hydrociiioric acids were added and the mixture was allowed to 
stand over niglit. In the morning, it was usually necessary only 
to boil off the excess acid to obtain a few cc. of clear liquid con¬ 
taining all the manganese in solution as sulfate. A large number 
of determinations and recoveries on blood and tissues have been 
made by this method with uniform success and while we feel that 
it is absoliitel}^ rehable there are obviously several serious draw¬ 
backs; he., the length of time, the large amount of reagents re¬ 
quired, and the difficulty of fume disposal when large numbers of 
analyses are to be made. 

Therefore we decided to try the remainingpossibility,* m., quartz 
beakers. The only difficulty with the quartz beakers now upon 
the market is that many contain manganese and as the acid sul¬ 
fate fusion dissolves some of the beaker contamination results. 
This manganese probably enters the beaker as an impurity in 
the raw material. We have discussed this matter with the man¬ 
ufacturers and are assured that beakers free from manganese will 
soon be, available. In the meantime, a number of beakers are 
purchased, blank fusions made in them all, and those containing 
manganese are returned. In a dozen beakers, there are usually 
one or two which show a trace of manganese, about 0.002 mg; 
wiiile occasionally one will give a blank of ten times that amount. 
Because each fusion removes a thin layer of quartz and because 
there is no certaiiit 3 " that the manganese content is nil throughout 
the thickness of the beaker, several blanks must be made in the 
same beaker during the period of its use, but so far such blank 
fusions have repeated the initial result. 

The following is the exact procedure in what may be called the 
quartz beaker method. In the case of blood, the sample for an- 
atysis is taken directl}' from a vein by means of an all glass syringe 
and placed in a fared quartz beaker. In the case of tissues, they 
are carefully w^ashed and cleaned of adhering portions of fat and 
connective tissue, rinsed finall^^ with distilled water, put into a 
tared beaker,-and weighed. Wet weights are used throughout. 
In case the blood is obtained outside the laboratoiy, we supply 
clean bottles containing a small amount of pure potassium oxa¬ 
late to prevent coagulation of the blood. Prom this point, blood 
and tissues are treated alike. The beaker containing the wet 
material is heated on a sand bath until it is thoroughly dried. 
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Then it is put over a Tirrili burner so that the hottest part of the 
flame strikes the mouth of the beaker, not the bottom, as too 
high a temperature will fuse the salts in the blood and tissue into 
a glass which is very difficultly soluble. The beakers are fre¬ 
quently turned and heated in this manner until the tar which 
forms has completely dried out. Then they are put into an elec¬ 
tric furnace maintained at 600-700®C. until the carbon has nearly 
disappeared. This point should not be overstepped because of 
the possibility of fusing the ash into a very resistant glass. In 
fact, a considerable amount of carbon left at this point does no 
harm as it will be filtered out later on. It is graphitic carbon 
and cannot interfere with subsequent work. 

The ash is now ready for the acid sulfate fusion. Ordinarily, 
fused potassium acid sulfate would be used (K2S2O7). It is dif¬ 
ficult, however, to obtain this compound manganese-free, since 
it is usually fused in iron containers wdiich invariably contain 
manganese. We have made the acid sulfate directly in the beaker 
at the time of fusing by treating 2 to 4 gm. of a mixture of sodium 
and potassium nitrate with 10 cc. of pure sulfuric and 5 cc. of hydro¬ 
chloric acids and warming gently. The mixture of nitrates is used in 
order to obtain a lower melting point. This procedure has several 
advantages. The nitrates and acids are readily obtained pure. The 
nitric acid set free and the hydrochloric acid destroy much of the 
residual carbon and are better solvents for some of the ignited salts 
than is sulfuric acid alone. The excess acid wets the material evenly 
and, while boiling, some of it condenses on the sides of the beaker 
and carries down adhering material. Very soon a few cc. of a 
clear fusion form at a cherry-red heat. Most of the carbon left 
from the ashing is destroyed before this point is reached. How¬ 
ever, if a large quantity is still present it is well to add a few cc. of 
hydrochloric or nitric acid or both, and a few drops of sulfuric 
acid, and again heat until the whole fusion is red. This will at¬ 
tack any mineral matter within the cai'bon particles. 

When the fusion is finished it should be liquid with a few crys¬ 
talline flakes on the surface. The beakers should be rotated with 
tongs so that the molten material will fliow round the sides and 
not harden in a solid mass at the bottom, for potassium sulfate 
expands sharply as it solidifies and the beaker is sure to crack. 
This is very important. If too much sulfuric acid is boiled off 
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and the melt hardens at the high temperature of the Tirrill bur- 
iiei’j it must be removed from the flame and cooled for about 2 
minutes and then a few cc. of sulfuric acid cautiously poured 
down the side of the beaker. The acid is then evaporated as 
before. 

After the melt has hardened and nearly cooled, 50 cc. of water 
are added and the beaker is set on a sand bath until the contents 
have dissolved. If the cold water is poured onto a thick layer 
of the solidifying siiKates while they are still very hot, the beaker 
is likely to crack locally in the vicinity of the lump. Often there 
are white flocculent particles of silica and black specks of carbon 
floating in the solution at this point. These should be filtered 
off and the liquid received in a P^Tex conical flask. The silica is 
present in large quantities if the fusion has been carried too far, 
because some of the normal sulfates lose sulfur trioxide leaving 
an alkali behind which attacks the silica of the beaker at the high 
temperature of the fusion. , It is when this happens that a beaker 
containing niangaiiese would seriously contaminate the analysis. 
Sometimes this silica passes through the filter and eventually 
makes the final color comparison difficult, the solution having a 
greenish color due to colloidal silicic acid. If 1 cc. of hydro¬ 
fluoric acid which has been previously tested for manganese is 
added and the solution warmed, this silica will immediatel}^ dis¬ 
appear. If the volume is greater than 50 cc., the solution is 
evaporated on a sand bath to approximately this volume, and is 
then ready for the final step, the develonment of the permanganate 
color.^ 

The Oxidation of Manganese Salts to Permanganic AcuL 

Like Bertrand, we found that both the lead dioxide and per¬ 
sulfate methods of oxidation gave correct results and we also had 
veiy good success with the bismuthate method used in steel an- 

- It is sometimes desirable to clean the beakers thoroughl}^ after a 
series of determinations to remove the black film of carbon which often 
forms and any bits of silica ■which may have been loosened by the pre¬ 
vious fusions. We have found that the easiest way of doing this is to put 
about 10 cc. of hydrochloric and 5cc. of hydrofluoric acids into the beaker 
and gently warm while rotating with tongs to bring the acid in contact with 
all parts of the surface. A dozen or more beakers can be thoroughly cleaned 
in a very short time with the same acid. If this wmshing is done rapidly 
the amount of silica which is removed is very small. 
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alysis. We used this last method for a time but as it involves 
filtration by suction in each determination it was time-consum¬ 
ing and the shorter persuKate method was employed giving re¬ 
sults which checked perfectly with those obtained by the longer 
bismuthate method. 

Bertrand (6) holds that potassium persulfate is far superior to 
the ammonium salt and that the nitric acid concentration should 
be kept very high (one part of concentrated nitric acid to three 
parts of water). We have used both potassium and ammonium 
persulfate with equal success except in the instance of two bottles 
of the ammonium salt which, although of best quality, contained 
a large amount of organic matter. This impurity, of course, 
reduced the permanganate to insoluble manganese dioxide. A 
wide range of acid and silver nitrate concentrations have been 
tested and consistent success has been obtained with the one 
recommended below, and fair success together with unexplained 
failures in using stronger acid solutions. 

We recommend 1 cc. of concentrated nitric acid and 0.2 to 0.4 
cc. of 2.5 per cent silver nitrate for 50 cc. of solution. For ease 
in pipetting, the acid is diluted to 50 per cent (by volume) and 2 
cc. are used. The acid and silver nitrate are added to the solu¬ 
tion containing manganese together with about 0.5 gm. of per¬ 
sulfate and the whole is warmed gently on the sand bath for 10 
minutes. Bertrand recommends boiling at this point in order to 
destroy the excess persulfate which he believes often oxidizes the 
silver to silver peroxide. We do not consider this important, and 
boil our solution only a short time if at all, and find that the per¬ 
manganate color will keep unchanged for several days if a small 
excess of persulfate is allowM to remain. With turbid solutions 
which are difficult to compare, this is an advantage for the solu¬ 
tion may be allowed to stand over night, and then the clear pink 
solution can easily be decanted ipto a Nessler tube leaving the 
residue behind. If it is desirable to determine the amount of color 
in a turbid solution without delay, the liquid may be centrifuged 
for 2 to 3 minutes, and the clear supernatant liquid decanted 
into a Nessler tube. 

The standards used for comparison will keep unchanged for 
several weeks if the color is developed as described above, and if 
the tubes are kept covered to protect them from the dust. Stand- 
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ards made up by diluting a potassium permanganate solution of 
known concentration will not keep, however carefully the water 
used for diluting has been prepared. As potassium permanga¬ 
nate is the salt of manganese most easily obtained pure it is well 
to start with a calculated and weighed amount of it and reduce the 
manganese to the manganous state by adding a solution of siil- 
fiirous acid. The w^hole is made up to a known volume. Frac¬ 
tional parts of this stock solution are taken from time to time, 2 
cc. of the 50 per cent nitric acid, a few drops of 2.5 per cent silver 
nitrate, and 0.5 gm. of persulfate are added, the volume is made 
up to 50 cc., and the color is developed by 10 minutes heating. In 
this manner Nessler tubes containing 0.002, 0.004, 0.006, 0.008, 
0.010, 0.012, 0.015, 0.020, and 0.025 mg. of manganese are pre¬ 
pared. 

If there are more than 2 or 3 mg. of manganese in the sample 
for analysis, manganese is likely to be precipitated in the form of 
manganese dioxide unless a different set of conditions is main¬ 
tained; f.e., stronger acid—more silver and persulfate. If this 
brown precipitate is not too great in amount it may usually be 
dissolved and converted to the permanganic acid by adding 1 
or 2 gm. of the persulfate. This, of course, increases the acidity 
and dissolves the manganese dioxide immediately, oxidizing it 
to permanganic acid. If the precipitate is heavy it is advisable 
to dissolve it by the addition of a small amount of sulfurous acid 
and develop the color in an aliquot part. 

When the color in the sample runs higher than the highest 
tube, we generally dilute to 100 or 200 cc. with distilled water 
and take 50 cc. for comparison. A Duboscq colorimeter has been 
employed for stronger solutions using suitable standards which 
are prepared 500 cc. at a time and kept in the dark in glass- 
stoppered bottles. These stronger solutions (0.2 and 0.3 mg. of 
manganese per 100 cc.) have kept for several weeks without 
change. 

It is, of course, almost unnecessary to note that chlorides or 
other reducing agents must be absent from the solution in which 
the permanganate color is developed, or to say that all reagents 
must be proved to be absolutely free from even traces of man¬ 
ganese before they can be used in this wmrk. 
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Using the method described above, a series of experiments em-” 
plojdng a constant amount of ox blood (50 gm.) to which varying 
amounts of manganese had been added has been made and has 
given uniformly good results. The results of this series are given 
in Table I. In the course of our work we have made a large num¬ 
ber of other recoveries and checks which are not reported. At the 
same time we performed a parallel series of experiments using 
Bertrand’s method of alternate treatment with hydrochloric and 
sulfuric acids in order to prove whether or not our suspicions in 
regard to the interference of iron in that procedure were well 
founded. A comparison of the results by the two methods shows 
that, while recoveries are possible by Bertrand’s method, more 
consistently good recoveries are made by the shorter and sim¬ 
pler acid fusion method. 


TABLE I. 


Acid fusion method. 

Bertrand’s method. 

Mn added. 

Mn recovered. 

Mn added. 

Mn recovered. 

mg . 

mg . 

mg . 

mg . 

0.003 

0.004 

0.003 

0.003 

0.003 

0.003 

0.003 

0.000 

0.003 

0.002 

0.003 

0.003 

0.004 

0.005 

0.004 

0.000 

0.005 

j 0.005 

0.005 

0.002 

0.005 

1 0.006 

0.005 

0.002 

0.005 

0.006 

0.005 

0.005 

0.005 

0.005 

0.005 

0.006 

0.005 

0.005 

0.005 

0.003 

0.005 

0.006 

0-008 

0.002 

0.005 

0.004 

0.008 

0.007 

0.008 

0.009 

0.010 

0.006 

0.010 

0.011 

0.010 

0.007 

0.010 

0.012 

0.010 

0.006 

0.010 

0.010 1 

0.013 

0.008 

0,013 

0.013 

0.020 

0.012 

0.013 

0.013 

0.020 

0.013 

0.020 

0.023 



0.020 

0.021 



0.020 ■ 

0.019 



0.020 

0.020 


1 



TABLE II. 

Manganese Content of Human Blood. 
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Remarks. 

C5 

c3 

a s 

a . § 

^ X is... - 4 ° 

>--is.v.v.CNiv.v,v,j;:x, cQ i-H ^ 

S 2 " " ^ ^ S .a lo lo " *1 

b-v CD ‘r-t 

a a - - - - s a'' o - - s,'- 

Is ; Q ►? H <j ►? CL. 

Mn per 
100 gm. 

mg. 

0.013 

0.010 

0.012 

0.014 

0.012 

0.008 

0.009 

0.008 

0.019 

0.018 

0.013 

0.017 

0.021 

0.020 

0.015 

0.020 

0.023 

0.025 

0.018 

0.012 

0.018 

0.010 

0.010 

Weight of 
sample. 

gm. 

27.1 
26.0 
27.0 

27.3 
28.0 
37.5 

33.8 

37.5 

25.1 

22.4 

22.4 

23.1 

14.4 

23.9 
9.3 
9.8 

26.2 
16.0 

22.6 
33.0 
30.8 
25.7 

30.5 

Name. 

Q pa 

W ^ ^ CO *<1 W H ^ 

Q ^ Q p 4 H d CO d § § H S 

Remarks. 

o 

2 . S “ S 

S'/ ' ' ' 

o O 

Op O P 

Mn, per 
100 gm. 

mg. 

0.010 

0.015 

0.010 

0.015 

0.010 

0.005 

0.010 

0.010 

0.005 

0.017 

0.020 

0.015 

0.004 

0.013 

0.010 

0.011 

0.010 

0.011 

0.010 

0.013 

0.013 

0.011 

0.010 

Weight of 
sample. 

gm. 

42.5 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
24.0 
25.0 
20.0 

22.0 

26.8 

25.1 

25.5 

29.5 

26.5 

29.2 
21.8 

100.0 

27.7 

28.9 

1 

dS 

2 

d S Q W Q fa % p 4 d 93 M g 

d H 4 fa g d ixi 4 f4 fa ^ 4 d ^ 

p 4 oj d P H d d d id d W d d 
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342 Manganese 

Normal Manganese Content of Human Blood. 

The manganese in the blood of a number of persons not ex¬ 
posed in any way to manganese has been determined and the 
results are given in Table II. The results with no legend attached 
are from blood specimens obtained from members of the staff 
and student body at the Medical School. The others are from 
hospital patients in various pathological conditions. 

In those cases where several analyses were made on blood ob¬ 
tained at different times from the same individual the results 
serve to show the reliability of the method and the general con¬ 
stant level of manganese in the blood. 

Although the number of analyses from cases of anemia is not 
large enough to warrant final conclusions, no marked decrease in 
manganese content is indicated, as has been claimed by earlier 
investigators (11). In fact no abnormality in manganese content 
is shown by our few pathological figures except perhaps in the 
cases of syphilis of long duration where the manganese is low. 

Our results are from five to ten times as high as those reported 
by Bertrand for human blood. This discrepancy we believe to 
be due to the difficulty of recovering all the manganese from the 
ash of blood by Bertrand^s method as we have pointed out, or 
possibly to the difficulty of making the color comparison in such 
a small volume (10 cc.) with the large amount of iron present. 
The only other explanation is that the manganese content of the 
blood of Bertrand^s subjects was actually lower than that of the 
blood we analyzed. In some of our experimental work to be 
published later we have shown that the amount of manganese in 
the blood can be increased for a short time by the ingestion of 
manganese-containing ores. If the normal food consumed here 
contains more easily soluble manganese than that eaten by Bert- 
rand^s subjects there is a possibility that the blood content of 
manganese might vary in the two countries. The surface waters 
of eastern Massachusetts contain from 0.001 to 0.015 parts of 
manganese per 100,000.® This might be taken as a rough indica¬ 
tion of the amount of manganese consumed here. Unfortunately 

® Personal communication from Dr. H. W. Clark, Director and Chemist 
of the Division of Water and Sewage Laboratories, Massachusetts State 
Department of Health. 
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we have no such data from France with which to make a coni” 
pari son. 

Ill Table III are given the results of the manganese content 
determinations in human tissue from a limited number of autop¬ 
sies. None of these individuals had been in any way exposed to 
abnormal quantities of manganese, and therefore the results ma^^ 

TABLE III. 


Manganese Content of Hicman Tissue. 
Weights of samples are for wet material. 


Tissue. 

No. 1, adult. 

No. 2, adult. 

No. 3, baby. 

No. 4, adult. 

No. 5, baby. 

Sam-! 
pie. 

MiTI 
per 100 
gm. 1 

Sam¬ 

ple. 

Mn 
per 100 
gm. 

Sam¬ 

ple, 

Mn per 
100 gm. 

Sam¬ 

ple. 

Mn 
per 100 
gm. 

Sam¬ 

ple, 

Mn 
per 100 
gni. 


gm . 

mg . 

gm .. 

mg . 

gm. 

mg . 

gm . 

mg . 

gm . 

mg . 

Stomach. 



35.0 

0.020 

31.1 

0.013 





Small intestine. 



75.0 

0.027 

14.4! 

0.017 



7.5 

0.053 

Colon. 



60.0 

0.050 

17.3: 

0.022 



10.7 

0.018 

Liver. 

80.0 

0.125 

63.0 

0.160 



33.2 

0.105 

11.4 

0.154 

Kidney. 

53.0 

0.070 

53.0 

0.060 

8.0 

0.052 

17.2 

0.046 

15.3 

0.052 

Spleen. 

46.0 

0.027 

56.0 

0.030 

3.6 

0.053 





Pancreas. 











Adrenals. 

1 

j 


21.0 

0.013 







Lymph nodes.. 

i 




1 






Lung. 





14.3 

0.019 

25.4 

0.047 

14.2 

0.014 

Muscle. 











Brain. 




i 

17.7 

0.029 






! 

No. 6, baby. 

No. 7, adult. 

No. 8, baby. 

No. 9, adult. 

No. 10, 
child (4 yrs.). 

Stomach. 

1 

1 

26.9 

0.030 

19.3 

0.020 

50.8 

1 

0.040i 

41.3i 

0.027 

Small intestine. 

39.4' 

0.057 

42.0 

0.021 



67.1 

0.017 

24.6 

0.023 

Colon.. 



41.2 

0.065 

34.5 

0.065 

68.8 

O.OII 

33.1 

0.010 

Liver. 

46.6 

0.368 

39.9 

0.263 

19.0 

0.185 

59.5 

0.137 

69 . Si 

0.123 

Kidney. 

24.3 

0.094 

33.0 

0.052 

6.1 

0.049 



36.5! 

0.068 

Spleen. 

5.5 

0.055 

46.0 

0.026 



33.8 

0.051 

30.6 

0.026 

Pancreas.._ 







24.1 

0.100 

13.3 

0.075 

Adrenals. 











Lymph nodes 











(peribron¬ 

1 










chial). 







8.0 

0.063 


1 

Lung. 

22.5 

0.027 

42.3 

0.045 

11.2 

Trace. 

38.8 

0.010 

50.3 

0.010 

Muscle. 







20.4 

0,014 



Brain. 









72.1 

0.024 
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TABLE lll^Conchided. 



Ko. 11, adult. 

No. 12, anemic 
adult. 

No. 13, tuber¬ 
cular adult. 

No. 14, adult. 

Tissue. 

Sam¬ 

ple. 

Mn per 
100 gm. 

Sam¬ 

ple. 

Mn per 
100 gm. 

Sam¬ 

ple. 

Mn per 
100 gm. 

Sam¬ 

ple. 

M,a per 
100 gm. 

Stoinanli.. 

gm. 

35.1 

mg. 

0.028 

gm. 

24.9 

mg. 

0.028 

gm. 

mg. 

gm. 

mg. 

Small . 

33.1 

0.027 

30.8 

0.013 

19.0 

0.036 

12.0 

0.025 

Colon... 

64.9 

0.046 

31.7 

0.035 

36.1 

0.022 

21.0 

0.019 

Liivor. 

50.7 

0.168 

79.3 

0.101 

64.5 

0.217 

54.0 

0.111 

Kidney.... • 

3.3 

0.120 

44.4 

0.047 

70.9 

0.031 

58.0 

0.052 

Spleen. 

23.5 

0.029 

50.8 

0.016 



27.0 

0.022 

Pancreas.. 

17.1 ■ 

0.093i 

38.6 

0.070 

28.8 

0.055 

23.5 

0.060 

Adrenals. 



Livmpli nodes. 









Lung. 

46.9 

0.019 



21.1 

0.024 

48.0 

0.004 

Muscle. 



Brain... 



68.5 

0.032 





Heart. 





50.4 

0.021 









Tissue. 

Mean of the 
above results. 

No. of figures 
taken in mean. 

Stomach. 

mg. 

0.026 

8 

Small intestine. 

0.029 

11 

Colon. 

0.033 

11 

Liver. 

0.170 

13 

Kidney... 

0.061 

13 

Spleen. 

0.032 

10 

Pancreas.. 

0.076 

6 

Adrenals. 

0.013 

1 

Lymph nodes. 

0.063 

1 

Lung.. 

0.020 

11 

Muscle. 

0.014 

1 

Brain. 

0,028 

3 

Heart. 

0.021 

1 



properly be classed as normal* It will be noted that the results 
for any one tissue vary considerably. We consider this to be 
quite normal as the same variation is found in the tissues of other 
animals, and is probably dependent on the food and environment 
of the individual The average of all the results on each tissue is 
given at the end of the table. The number of analyses is too 
small to permit of finding a true average but the figure is at least 
close to the correct value. 
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CONCLUSIONS. 

1. A method is developed for the analysis of manganese in 
blood and tissue whieli is more rapid and has fewer sources of 
error than methods heretofore employed, 

2. A series of results is given for the manganese content of 
human blood. All these are from normal subjects as far as ex¬ 
posure to manganese is concerned, although some of the indivi” 
duals from whom blood samples were taken were pathological 
cases, A number of check results on the same individuals taken 
at different times show the general constant level of manganese 
in the blood. 

3. A series of results for the manganese content of human tissue 
obtained from fourteen autopsies is presented. Manganese was 
found in all the tissue analyses, the liver carr^ung the highest 
amount, averaging 0.170 mg. per 100 gm. of wet tissue. 
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BLOOD SUGAR CONCENTRATIOE* AND BLOOD SUGAR 

METHODS. 

By H. F. host and ROLF HATLEHOL. 

{From the Medical De'partment A, University Hospital, Christiania.) 

(Received for publication, April 23, 1920.) 

By blood sugar concentration is meant the content of glucose 
in the blood. Our knowledge of the amount of glucose in the 
blood is derived almost exclusively from reduction methods. Be¬ 
sides glucose, however, the blood contains other reducing sub¬ 
stances; viz., fructose, ketones, uric acid, creatinine, etc. 

Whether the blood sugar values obtained by the reduction 
methods give only the amount of glucose or whether other reduc¬ 
ing substances also play a part in the reduction has often been 
discussed. 

Determination of the actual amount of glucose in the blood is 
not easy. One cannot rely on polarimetry, as the blood contains 
several substances which act optically. It is best to ferment the 
blood and determine the reduction before and after. But the 
fermentation also may introduce errors. In part the yeast may 
contain reducing substances, or these may be formed during fer¬ 
mentation; in part the fermentation of glucose is, as a rule, more 
or less incomplete; and in part it may well be supposed that the 
reducing substances of the blood which are not subject to fer¬ 
mentation may be converted into non-reducing substances wdien 
the blood is in process of fermentation. 

Several investigators have attempted to ascertain whether 
fermented blood contains a reducing substance, and whether a 
so called residual reduction exists after fermentation. They have 
obtained discordant results, wdiich seem to be due partly to the 
methods used. Thus Frank and Bretschneider (1) found no resi¬ 
dual reduction by Bertrand’s method, either in normal people or 
in diabetics with hyperglycemia. Maase and Tachau (2) found 
substantial agreement between Bertrand’s copper method, 
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Tacliaii’s iiiercmy method, and polarization, both in normal sub¬ 
jects and in diabetics. 

On the other hand, Schumm (3) found an inconsiderable resid¬ 
ual reduction by Bang’s old method, which, however, Bang him¬ 
self admitted gave too high values. Further, Ege (4) asserts in 
a recently published work that both Bang’s micro method, in the 
modification employed by Ege, and Hagedorn and Jensen’s method 
(5) give residual reduction, although with both methods this is so 
slight that in normal persons it has no practical, clinical impor¬ 
tance. In the uremic, however, the residual reduction may be 
great , but, as the analyses have not been published, it is impossible 
to tell how’ great. 

Stepp (6) has followed another course in order to decide whether 
the blood sugar values found by the reduction methods really 
are due only to glucose. If the protein and other colloids of the 
blood are precipitated with phosphotungstic acid, and the carbon 
ill the blood is determined by elementary analysis, one finds the 
so called residual carbon, which in normal individuals amounts to 
150 to 200 mg. per 100 cc. of blood. Since glucose contains 40 
per cent of carbon, about 40 mg. of this residual carbon comes 
from glucose, if one assumes that the amount of glucose in the 
normal indmdual is about 0.1 per cent. If the blood sugar con¬ 
centration increases in diabetics to several times the normal, one 
would expect that whenever the quantity of glucose is increased 
by 0.1 per cent the residual carbon must increase by 40 mg. 

In a series of diabetics with hj^perglycemia Stepp has deter¬ 
mined the bood sugar concentration by Bertrand’s method, while 
lie has determined the residual carbon by elementary analysis, 
He made the following observations. 

In a number of diabetics the residual carbon increased parallel 
with the blood sugar, so that the increase of the blood sugar found 
was probably due to glucose. In others the blood sugar values 
rose much more than the residual carbon, so that the blood sugar 
values found were certainly too high. In a third group a higher 
amount of carbon was found than one would expect according 
to the reduction. This was found in patients with acidosis and 
was probably due to increase in the ketone bodies of the blood. 

From these investigations it appears that in diabetic hyper¬ 
glycemia other substances besides glucose may form, which re- 
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duce copper by Bertrand^s method, so this method also may give 
too high values. 

During the last 5 or 6 years a number of new methods have been 
described which seek to determine in a simple manner the glucose, 
concentration in a minimum of blood. 

From Danish sources two comparative investigations of newer 
blood sugar methods have already been published; Leshly (7) 
finding that Bang’s and Benedict’s methods showed results which, 
agreed, and Ege (4) finding that Bang’s method as well as Hage-*. 
dorn and Jensen’s method gave approximately the same values^ 
though the results obtained by the former method were somewhat 
lower than by the latter. 

A few years ago one of us (H‘:st) began a number of compara¬ 
tive investigations, which were not completed, by Benedict’s 
method and Bang’s method, and found that Benedict’s method 
in many cases of diabetes gave higher values than Bang’s method. 
These results therefore did not agree with those of Leshly. 

As Folin and Wu (8) also have recently published a colorimetric 
micro method, and Bang’s method in its latest modification, as 
far as we know, has not been compared with other methods, we 
decided to undertake comparative investigations of blood sugar 
values in normal and sick individuals, especially diabetics, hy 
the following four methods: 

1. Bang’s method, in its latest modification, worked out by 
Bang and Hatlehoel (9). 

2. Hagedorn and Jensen’s (5) method, which is referred to as 
Hagedorn’s method. 

Hagedorn and Jensen’s blood sugar method has been published only m 
Danish, and we therefore give a r^sumd of it here. 

Reagents. 

1. Potassium Ferricyanide Solution. —1.649 gm. of potassium ferricya- 
nide and 28.6 gm. of crystalline sodium carbonate are dissolved in 1,000 
cc. of water. In a black bottle this solution will keep for 2 months. 

2. Potassium Iodide Solution. — 5 gm. of potassium iodide free from 
iodate, 10 gm. of zinc sulfate, and 50 gm. of sodium chloride are dissolved 
in 200 cc. of water. 

3. Acetic Acid. —3 per cent acetic acid. 

4. Starch. —1 gm. of starch dissolved in 100 cc. of water wfith thorough 
boiling. 

5. Sodium Thiosulfate Solution, —1.24 gm. of sodium thiosulfate dis¬ 
solved in 1,000 cc. of boiled water. 


THE JOUKNAL, OF BIOLOGICAL. CHEMISTRY, VOL. XLII, WO. 2 
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6, Protei7i'Precipitate—0,1 K NaOH and 0.45 per cent zinc sulfate 
(0.45 gm. of crystalline zinc sulfate dissolved in 100 cc. of water). 

For tlie test 0.1 cc. of blood is pipetted (capillary pipette) into a test- 
tube containing 1 cc. of 0.1 n NaOH and 5 cc. of zinc solution. The pipette 
is rinsed with the zinc-NaOH mixture. The test-tube is then placed in 
boiling water for 4 minutes, cooled, and the contents are filtered through 
cotton into a test-tube or a small flask. The residue is washed twice 
with 3 cc. of water. From a micro-burette are added exactly 2 cc. of the 
potassium ferricyanide solution. The test-tube or flask is then placed in 
boiling water for 15 minutes, cooled, and 3 cc. of potassium iodide solution 
and 2 cc. of acetic acid are added. From a micro-burette the thiosulfate 
solution is added till the yellow color disappears and then, after adding 
one drop of starch solution, till the red-blue color just vanishes. 

Calculation. 

The volume in cc. of thiosulfate solution used multiplied by its factor 
is subtracted from 2.00. The blood sugar in per cent, corresponding to the 
used amount of potassium ferricyanide, is found in the table. The value 
found in a blank analysis is subtracted from the blood sugar found. 


Table for Eagedorn and Jensen^s Blood Sugar Method. 


Used potassiuin ferricyanide solution. 

Glucose in 100 cc. of blood. 

cc. 

mg. 

0.10 

0.017 

0.20 

0.035 

0.30 

0.053 

0.40 

0.070 

0.50 

O.OSS 

O.GO 

0.106 

0.70 

0.124 

0.80 

0.141 

0.90 

0.150 

1.00 

0.177 

1,10 

0.195 

1.20 

0.214 

1.30 

0.232 

1.40 

0.251 

1.50 

0.270 

1.60 

0.290 

1.70 

0.310 

I.SO 

0.331 

1.90 

0.335 

, , 2.00 

0.3S4 


3. Mjrers and Bailey's (10) modification of Lewis and Bene¬ 
dict’s method, referred to as Benedict’s method. 
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4. Foliii and Wu’s (8) method, referred to as Folin’s method* 

By these four methods we have determined the sugar con¬ 
centration in thirty-five samples of blood from twenty-eight nor¬ 
mal persons and patients. 

We have divided the analyses, Hatlehol using Bang’s and 
Folin’s methods, while Host employed Hagedorn’s and Benedict’s 
methods. 

The blood was obtained by venous puncture, and was kept 
fluid by a little pulverized potassium oxalate. 

The individuals examined may be divided into three groups: 
(1) non-diabetics, such as convalescents and patients suffering 
from slight affections, which would not influence the blood sugar 
(Table I); (2) non-diabetics, with affections which might possibly 
cause changes in the blood sugar (Table I); and (3) diabetics 
(Table II). 

The values noted in the analyses are expressed in gm. per 100 
cc. of blood. Since in Bang’s and Hatlehol’s methods, as is known, 
the blood is weighed, the values are reckoned by this method to 
mean 100 cc, of blood by adding 6 per cent to the value found. 

As will appear from the analyses, we have as a rule undertaken 
double determinations, since in addition to a determination di¬ 
rectly in the oxalated blood we have also determined the sugar 
concentration in a measured amount of blood with a certain quan¬ 
tity of glucose added. We compared the found and calculated 
sugar concentrations in the blood samples which had an addition 
of glucose. The results are given in Table III. 

The accurac}" of the colorimetric methods is of course dependent 
on the colorimeter. As we used a Bock-Benedict colorimeter which 
was not especially accurate, the limits of error found for the colori¬ 
metric methods were undoubtedly higher than they would have 
been if we iiad used a more accurate instrument. 

In all four methods the quantities of glucose added, which 
varied from 0.03 to 0.16 per cent, are, within the above stated 
error limits, recovered. 

As appears from the analyses, different blood sugar concentra¬ 
tions are found by the four methods. The differences may to some 
extent be due to the inaccuracy of the methods. But even if 
one reckons "with the greatest error found, 10 per cent, this 
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is far from sufficient to explain the difference between the 
results of the various methods, since this is in most cases 
considerably greater. 

As will be seen there is a certain regularity in the different re¬ 
sults given bj' the methods. In the majority of cases the colori¬ 
metric methods give liigher values than the titrimetric, and as a 
rule the values are larger for Benedict’s method than for Folin’s, 
which agrees with the statement of Folin and Wu (8). The 
titiimetric methods, Bang’s and Hagedorn’s, give approximately 
identical values. The difference betw^een the results from these 
two methods is in most cases wuthin 10 per cent. 

The difference in the blood sugar concentration found by the 
four methods is considerably more pronounced in diabetics than 
in normal persons and non-diabetics. That these differences are 
not due to accidental circumstances is shown best by Nos. 34,35, 
and 36, wiiich are taken from the same patient, but on different 
days. In these three determinations very different results were 
found by the four methods, but each time the greatest values 
were found by Benedict’s method, somewhat smaller by Folin’s 
method, still smaller by Hagedorn’s method, and smallest by 
Bang’s method. 

As the glucose added is recovered in the blood by all the meth¬ 
ods employed, the difference, in some cases considerable, which 
is found by the use of the different methods, cannot be due to a 
loss by the methods which give the smallest results. The cause 
must be that substances other than glucose also effect reduction 
by the methods which give the highest values; that is, the colori¬ 
metric methods. How far the two titiimetric methods. Bang’s 
and Hagedorn’s, give only the amount of glucose, or whether 
other reducing substances also play a part in the result by these 
methods does not appear from the investigations. 

We will not enter into the question as to what other substances 
besides glucose effect reduction by the colorimetric methods. We 
shall only mention that the diabetic whose blood showed the 
greatest differences in the blood sugar, as determined by these 
methods {cf. Nos. 34, 35, and 36), had no acidosis, and the same of 
course is true of No. 13, who had only a little bronchitis, and in 
whose blood Benedict’s method gave considerably higher values 
than the other methods. 
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TABLE 1. 

Non-Diahetic Subjects, 


Subject. 

Method. 

Blood £is 
drawn. 

Blood 4- known amounts of glucose. 

Addition. 

Found. 

Calcu¬ 

lated. 



per cent 


per cent 

per cent 

L L. A., 30 

Bang. 

0.070 




VTS., dyspep- 

Hagedorn. 





si a. 

Benedict. 

0.075 





Folin. 

0.085 




2. H. A., 25 

Bang. 

0.100 

10 cc. of blood + 1 

0.189 

0.182 

yrs., palp it a- 

Hagedoim. 

0.100 

cc. of 1 per cent 

0.175 

0.182 

tion. 

Benedict. 

0.102 

glucose solution. 

0.190 

0.184 


Folin. 

0.095 


0.1S2 

0.177 

3. V. J., 52 

Bang. 

0.097 




yrs., vitium 

Hagedorn, 

0.091 




cordis. 

Benedict. 

O.llS 





Folin. 

0.105 




4. B. S., 45 

Bang. 

0.0S4 

10 cc. of blood -h 1 

0.164 

0.167 

yrs., pyuria. 

Hagedorn. 

0.094 

cc. of 1 per cent 

0.179 

0.1S5 


Benedict. 

0.090 

glucose solution. 

0.185 

O.lSl 


Folin. 

0.102 


0.190 

0.1S4 

5. H, N., 28 

Bang. 

0.0S4 

7 cc. of blood d- 1 

0.197 

0.198 

yrs., conva¬ 

Hagedorn. 

0.077 

cc. of 1 per cent 

0.204 

0.192 

lescent. 

Benedict. 

0.09S 

glucose solution. 

0.217 

0.211 


Folin. 

0.089 


0.201 i 

0.203 

C. K. F., 50 

Bang. 

0.090 

G cc. of blood -h 2 

0.186 

0.199 

yrs., tlyspep- 

Hagedorn. 

0.105 

cc. of 0.5 per cent 

O.IOS 

0.204 

sia. 

lienedict. 

Lost. 

glucose solution. 

0.217 



Folin. 

O.IOS 


0.21G 

0.200 

7. 11. J., 23 

Bang. 

0.091 

G cc. of blood + 2 

0.1S9 

0.193 

yrs., hema¬ 

Hagedorn. 

0.097 

cc. of 0.5 per cent 

O.lSl 

0.108 

turia.' 

Benedict. 

0,118 

glucose solution. 

0.225 

0.214 


Folin. 

0.105 


0.214 

0.204 

8. M. S., 5d 

Bang. 

0.099 

10 cc, of blood + 2 

0.156 

0.106 

yrs., para¬ 

Hagedorn. 

Lost. 

cc. of 0.5 per cent 

0.152 


paresis. 

Benedict. 

0.093 

glucose solution. 

0.174 

0.161 


Folin. 

0,099 


0.157 

0.166 
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TABr.E I — Continued. 


Subject. 

Method. 

Blood as 
drawn. 

9. A. J., 22 

Bang. 

per cent 

0.097 

yrs., conva¬ 

Hagedorn. 

0.092 

lescent. 

Benedict. 

Lost. 


Foliri. 

0.111 

10. E. B., 67 

Bang. 

0.082 

3n*s.j chronic 

Hagedorn. 

0.097 

rheumatism. 

Benedict. 

0.095 


Folin. 

O.OOS 

11. G. V., 25 

Bang. 

O.OSl 

yrs., rheu¬ 

Hagedorn. 

0.092 

matism. 

Benedict. 

0.098 


Folin. 

0.108 

12. A. T., 22 

Bang. 

0.091 

yrs., conva¬ 

Hagedorn. 

0.095 

lescent. 

Benedict. 

0.103 


Folin. 

0.103 

13. H., 39 yrs., 

Bang. 

0.108 

bronchitis. 

Hagedorn. 

0.107 


Benedict. 

0.143 


Folin. 

0.112 

14. 0. A., 54 

Bang. 

0.094 

yrs., aortic 

Hagedorn, 

0.090 

aneurism. 

Benedict. 

0.094 


Folin. 

0.109 

15. Dr. J., 30 

Bang. 

0.080 

yrs., healthy. 

Hagedorn. 

0.076 


Benedict. 

0.000 


Folin, 

0.098 

16. I. K, 22 

Bang. 

Lost. 

yrs., nephri¬ 

Hagedorn. 

0.110 

tis. 

Benedict. 

0.112 


1 Folin. 

0.114 


Blood -f known amounts of glucose. 


Addition. 

Found. 

Calcu¬ 

lated. 


per cent 

per cent 

10 cc. of blood + 2 

0.1G2 

0.164 

cc. of 0.5 per cent 

0.150 

0.160 

glucose solution. 




O.IGO 

0.176 

10 cc. of blood + 3 

0.177 

0.17S 

cc. of 0.5 per cent 

0.185 

0.190 

glucose solution. 

0.19G 

Lost. 

0.195 

10 cc. of blood H- 3 

O.ISO 

0.177 

cc. of 0.5 per cent 

0.179 

0.180 

glucose solution. 

0.200 

Lost. 

0.190 

10 cc. of blood -h 2 

0.162 

0.100 

cc. of 0.5 ])er cent 

0.167 

0.163 

glucose solution. 

0.175 

0.168 


O.ISO 

0.169 

8 cc. of blood + 1 

0.212 

0.202 

cc. of 1 per cent 

0.200 

0,206 

glucose solution. 

0.235 

0.237 


0.220 

0.211 

S cc. of blood + 2 

0.2G7 

().2G4, 

cc. of 1 ])er cent 

0.2G2 

0.2G1 

glucose solution. 

0.280 

0.272 


0.286 

0.278 

10 cc. of blood A 2 



cc. of 0.5 per cent 

0.175 

0.175 

glucose solution. 

0.1S5 

0.177 


0.180 

0.178 
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TABLE I— Concluded. 




Blood as 

Blood + known amounts of glucose. 



drawn. 

Addition. 

Found. 

Calcu¬ 

lated. 



per cent 


per cent 

per cent 

17. R. P., 20 

Bang, 

0.074 

8 cc. of blood + 2 

0.163 

0.156 

yrs., nephri- 

Hagedorn. 

0.088 

cc. of 0.5 per cent 

0.167 

0.170 

tis. 

Benedict. 

0.100 

glucose solution. 

0.189 

0.180 


Folin. 

0.095 




IS. 0. T., 23 

Bang. 

0.070 

S cc. of blood + 2 

0.159 

0.156 

yrs., nephri- 

Hagedorn. 

0.080 

cc. of 0.5 per cent 

0.164 

0.164 

i is. 

Benedict. 

0.0S9 

glucose solution. 

O.ISO 

0.180 


Folin. 

0.091 


Lost. 


19. M. S.,, 65 

Bang. 

0.118 

10 cc. of blood -f- 1‘ 

0H99 

0.198 

yrs., coma 

Hagedorn, 

0.124 

cc. of 1 per cent 

0.200 

0.204 

uremiciun. 

Benedict. 

0.151 

glucose solution. 

0.230 

0.228 


Folin. 

0.121 


0.216 

0.201 

20. I. K; 22 

Bang. 

0.097 

10 cc. of blood 4- 1 

0.180 

0.179 

yrs., nephri¬ 

Hagedorn. j 

0.082 

cc, of 1 per cent 

0.163 

0.165 

tis. 

Benedict. - 

0.097 

glucose solution. 

0.174 

0.179 


Folin. 

0.093 


0.179 

0.176 

21. G. D., 54 

Bang. 

0.092 

S cc. of blood 2 

Lost, 


}’rs., bron¬ 

Hagedorn. 

0.082 

cc, of 1 per cent 

0.270 

0.266 

chitis. 

Benedict. 

0.100 

glucose solution. 

0.274 

0.280 


Folin. 

0.105 


0.276 

0.284 

22. 0. A., 3S 

Bang. , 

0.110 




yrs., pleiiri- 

Hagedorn. 

Lost. 




tis. 

Benedict. 

0.105 





Folin. 

0.108 




23. M. S., 65 

Bang. 

Lost. 




yrs., coma 

Hagedorn. 

0.123 




nremiciim. 

Benedict- 

0.131 





Folin. 

0.140 
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TABLE II. 


Diabetic Subjects. 


Subject. 

Method. 

Blood as 
drawn. 

Blood + known amounts of glucose. 

Addition. 

Found. 

Calcu¬ 

lated. 




per cent 


per cent 

per cent 

24. A. 

T., 21 

Bang. 

0.090 

10 cc. of blood + 1 

0.169 

0.173 

yrs. 


Hagedorn. 

Lost. 

cc. of 1 per cent 





Benedict. 

0.108 

glucose solution. 

0.182 

0.189 



Folin. 

0.095 


0.178 

0.177 

25. B. 

L., 35 

Bang. 

0.283 




5TS. 

Dec. 31. 

Hagedorn. 

0.270 






Benedict. 

0.286 





f 

Folin. 

0.2S1 




26. B. 

L., 35 

Bang. 

0.270 




yrs. 

Jan. 1. 

Hagedorn. 

0.250 






Benedict. 

0,286 






Folin. 

0.278 




27. A. 

G., 42 

Bang. 

0.089 




yrs. 

Jan. 3. 

Hagedorn. 

0.088 






Benedict. 

0.103 






Folin. 

0.095 




as. A. 

G., 42 

Bang. 

0.096 




yrs. 

Jan. 4. 

Hagedorn. 

o 

o 






Benedict. 

1 O.llS 






Folin. 

0.111 




26. B. 

L., 35 

Bang. 

0.214 




yrs. 

Jan. 5. 

Hagedorn. 

0.213 






Benedict. 

0.227 






Folin. 

0.218 




30. E. 

B., 29 

Bang. 

0.065 




yrs. 


Hagedorn. 

0.070 






Benedict. 

0.080 






Folin. 

0.071 




31. K. 

D., 55 

Bang. 

0.172 




yrs. 


Hagedorn. 

0.181 






Benedict. 

0.208 





i 

Folin. 

0,176 
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TABLE ll—Concluded. 


Subject. 

Method. 

Blood as 
drawn. 

Blood -f known amounts of glucose. 

Addition. 

Found. 

Calcu¬ 

lated. 



per cent 


per cent 

per cent 

32. A. H., 20 

Bang. 

0.187 




yrs. 

Hageclorn. 

0.191 





Benedict. 

0.222 





Folin. 

0.1S2 




33. A. H., 20 

Bang. 

0.321 

10 cc. of blood + 2 

0.347 

0.351 

yrs. 

Hagedorn. 

Lost. 

cc. of 0.5 per cent 




Benedict. 

0.351 

glucose solution. 

0.390 

0.375 


Folin. 

0.333 


0.345 

0.361 

34. H. H., 61 

Bang. 

0.145 

10 cc. of blood -b 2 

0.^2 

0.204 

yrs. Jan. 9. 

Hagedorn. 

0.159 

cc. of 0.5 per cent 

0.222 

0.216 


Benedict. 

0.198 

glucose solution. 

0.247 

0.248 


Folin. 

O.ISS 


0.236 

0.240 

35. H. H., 61 

Bang. 

0.101 

10 cc. of blood -f 2 

Lost. 


yrs. Jan. 12. 

Hagedorn. 

0.103 j 

cc. of 0.5 per cent 

0.163 ! 

0.168 


Benedict. 

0.150 

glucose solution. | 

0.198 j 

0.208 


Folin. 

0.121 


0.202 1 

0.183 

36. H. H., 61 

Bang. 

0.101 




yrs. 

Hagedorn. 

0.121 





Benedict. 

0.150 





Folin. 

0.135 




37. A. H., 31 

Bang. 

0.151 

8 cc. of blood + 2 

0.216 

0.221 

yrs. 

Hagedorn. 

0.171 

cc. of 0.5 per cent 

0.240 

0.237 


Benedict. 

0.166 

glucose solution. 

0.230 

0.233 


Folin. 

0.195 


0.266 

0.256 


TABLE III. 


Method. 

.f\.veiage error. 

Greatest error. 

1 

No. 6f analyses. 

Bang... 

per cent 

2.7 

per cent 

8 

20 

Hagedorn... 

3.2 

9 

22 

Benedict... 

3.0 

7 

22 

Folin. 

4.5 

10 

19 
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Tlie liigiiest limit for blood sugar concentration in a fasting 
condition is, a,.s is kno^Yn, of importance for deciding wlictiier 
iiYpergi^Temia is present. Bang set the limit at 0.12 per cent 
b}" his old rnethod, but later, after he had modified his method, he 
set the limit at 0.11 per cent. 

Ill our nine normal individuals and eight non-diabetics, who 
were ail examined in a fasting state in the morning, we find, 
leaving out of account Analyses 19 and 23 from a patient with 
coma iiremicum, the blood sugar values determined by Bang’s 
method and hj Hagedorn’s method alwaj-s lie under 0.11 per 
cent. Folin’s method twice gives values about 0.11 per cent, 
otherwise the results by this method also lie under 0.11 per cent. 
Benedict’s method, on the other hand, three times gives values 
betiveen 0.11 and 0.12 per cent, and once even a value of 0.143 
per cent. 

SUMMAKY. 

It is uncertain -whether an}- of the blood sugar methods hitherto 
used give onfy the amount of glucose. Bang and Hatlehoel’s 
method and Hagedorn and Jensen’s method give in normal indi¬ 
viduals and in diabetics values wdiicli approximately agree. Foliii 
and Wu’s iiietliod as w’ell as M^mrs and Bailey’s (10) modification 
of Lewis and Benedict’s method, maj", at any rate in diabetics 
with hyperglycemia, give too high results. This is especially the 
case with the last mentioned method. 
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NOTE ON THE FAT-SOLUBLE GROWTH-PROMOTING 
SUBSTANCE M LARD AND COTTON-SEED OIL. 

By AMY L. DANIELS and ROSEMARY LOUGHLIN. 

{From the Be'pariment of Nutrition, Child Welfare Research Station, Uni’- 
versity of loioa, loioa City.) 

(Received for publication, April 28, 1920.) 

It is generally conceded by workers in the field of nutrition 
that the fat-soluble growth-promoting substance in certain fats, 
more particularly the extracted vegetable oils and lard, is pres¬ 
ent in such low concentration, if at all, that from the stand¬ 
point of nutrition these fats are of value merely as som'ces of 
energy. Indeed, there are reports in the literature of many feed¬ 
ing experiments where nutritive disaster on diets, which included 
vegetable oils or lard in fairly liberal amounts, have been averted 
by the substitution or addition of small amounts of those fats— 
butter fat, egg yolk fat, or cod liver oil—^which are known to be 
rich in the fat-soluble vitamine.^ The results with the vegetable 
oils and lard are not in all cases in accord with those which we have 
obtained in our laboratory; and we are led to believe that there 
may be some difference in the amount of the fat-soluble complex 
in commercial lards, and that certain vegetable oils may have 
values other than that of furnishing energy. 

Since the relation between the fat-soluble vitamine and rickets 
is undergoing experimental scrutiny, our findings may be of in¬ 
terest in this connection. It is possible that recent workers^ who 
have been using the vegetable oils, more particularly cotton-seed, 
in the study, of rickets, with the thought that these are quite 
free from the fat-soluble complex may have been furnishing 
enough of the vitamine to meet the requirements of growth, 

1 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913-14, xvi, 423; 
1915, XX, 379; 1918, xxxiv, 17. McCollum, E. V., and Davis, M,, J. Biol. 
Chem., 1913, xv, 167; 1915, xxi, 179. 

2 Hess, A. F., J. Biol. Chem., 1920, xli, p. xxxii. 
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Lard and Cotton-Seed Oil 


especiall^^ if the experimental periods were of comparatively short 
duration. 

In an invevStigation dealing with some problems in infant nu¬ 
trition W'e had occasion to feed groups of rats on purified rations 
in composition simulating milk but which, we believed, contained 
the least possible amount of the fat-soluble hormone. These 
rations consisted of 18 per cent of casein, 28 per cent of fat, both 
lard and cotton-seed, respectively, 7 per cent of our salt mixture, 
47 per cent of corn-starch, and the water-alcohol extract of 9 gm. 
of w^heat embryo (cold process). In order to make sure that our 
experimental rations were as free as possible from the fat-soluble 



Chart 1. Both lard and cotton-seed oil apparently contain an appre¬ 
ciable amount of the fat-soluble vitamine. Animals fed rations consisting 
of casein IS per cent, corn-starch 47 per cent, a suitable salt mixture, and 
28 per cent of lard (Group 1) or cotton-seed oil (Group 2), respectively, 
together with an adequate amount of the water-alcoliol extract of wheat 
embryo, grew normally, reproduced, and reared their young. 

complex, both the casein and the wheat embryo, previous to the 
alcohol treatment, were extracted for 48 hours with ether (^'Squibb, 
for anesthesia’h in a Soxhlet apparatus. The lard used was a 
commercial product rendered from the leaves and back fat. The 
cotton-seed oil was also a commercial product.^ 

Our animals on these rations have growm normally; in fact, 
their growdh curves (Chart 1) are quite similar to those of control 

2 The cotton-seed oil was a product of the American Cotton Oil Company, 
New^ York. 
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animals fed a purified ration which included 5 per cent of butter 
fat in place of an equivalent amount of lard or cotton-seed oil, 
and in which neither casein nor the wheat embryo was extracted 
(Chart 2). All females in both lard and cotton-seed groups have 
reproduced and in certain instances second litters have been ob¬ 
tained. The young in both groups have been successfully reared 
on the diets of their mothers. 

These results were so unexpected and so out of harmony with 
the published results of other workers that it was deemed of 
interest to determine the effects of a somewhat less amount of 
these two fats. Therefore rations in all other respects the same, 



Chart 2. Curves of growth of control animals fed purified rations in 
which 5 per cent of butter ‘was substituted for an equivalent amount of 
lard. 


but containing 53 per cent of corn-starch and only 21 per cent of 
the fats under investigation, were fed. Since the food value of 
this mixture was 4.77 calories per gm. whereas that of our first 
mixture furnished 5.12 calories per gm., it was reasoned that the 
animals on this second mixture were getting about 6 per cent 
less fat than those receiving the 28 per cent fat ration. 

On the lower fat food all the animals fed the lard mixture made 
normal growth gains for about 2 months, when the weight became 
stationary (Chart 3, Group 1). Those rats receiving the ration 
containing the lesser amount of cotton-seed oil (21 per cent) also 
grew far less well than those on the higher fat, the more vigorous 
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animals growing normally for only about 6 weeks^ when tliere 
was a gradual decline in weight (Chart 3, Group 2). 

These latter results are in accord with those of previous work¬ 
ers who have shown that both lard and cotton-seed oil contain 
much less of the fat-soluble vitamine than certain other fats. 
But, considering the fact that animals have made normal growth^ 



Chart 3. Animals fed purified rations furnishing 21 per cent of lard 
(Group 1) and cotton-seed oil (Group 2), respectively, failed to grow 
normally. Slightly better results were obtained with the lard than with 
the cotton-seed oil rations. 

reproduced, and reared their young on diets in which the only 
apparent source of the vitamine was the lard or cotton-seed oil, 
it would seem that both these fats contain appreciable amounts 
of the fat-soluble growth stimulant. This, however, is demon¬ 
strable only when fairly large amounts are fed. 




ACIDITY OF ASH-FREl AND OF COMMERCIAL 
GELATIN SOLUTIONS. 

By H. E. patten and T. O. KELLEMS. 

{From the Bureau of Chemistry, United States Department of Agriculture, 

Washington.) 

(Received for publication, May 4, 1920.) 

In connection with measurements of the hydrogen ion concen¬ 
tration of various gelatin solutions,^ it was thought desirable to 
compare the free acidity of ash-free gelatin with that of com¬ 
mercial gelatin. Accordingly, solutions were made up contain¬ 
ing 0.5 per cent of ash-free^ gelatin and different concentrations 
of hj'drochloric acid (or of sodium hydroxide) and their hydrogen 
ion concentrations determined in each case electrometrically. 
The results obtained are given in Table 1. 

In this table the first column shows the normality of the gela¬ 
tin solutions with respect to hydrochloric acid (or to sodium 
h 3 ^droxide). The second column shows the pH value.® ' 

Siinilarl}", solutions containing 0.5 per cent of commercial 
gelatin were made up, the acid alkali range of concentration being 
the same as for the solutions of ash-free gelatin, and the h^’^drogen 
ion concentration was measured. The results are given in 
Table IL 

1 Patten, H. E., and Johnson, A. J., J. Biol. Chem., 1919, xxxviii, 179. 

•' The ash-free gelatin used in these experiments was kindly furnished 
by Mr. C. R. Smith of the Bureau of Chemistry. 

'* The hydrogen ion concentration was measured by a Clark electrode 
vessel, our electrode being of gold plated with paladii 4 m black immediately 
before each determination. The voltage was read on a Leeds and Northrup 
potentiometer of standard design, the temperature of the electrode cell 
and of the calomel half cell being maintained by ah air thermostat, elec¬ 
trically controlled, at 25°C. 


^ concentration of hydrogen ion 

Tiiii.s, a solution of 0.01 N with respect to hydrogen ions would have a 
pH = 2. 
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The results are presented graphically in Fig. 1. The exponent 
of the hydrogen ion concentration, pH, is taken as abscissa and 
the normality of the total system with respect to acid (or to 
alkali) as ordinate. To avoid excessive use of ciphers the nega¬ 
tive exponent of the normality is used; thus, where the iiormalit}'- 
is 1 X 10“® 6 is used. 1 does not mean normal but 0.1 normal. 
The ordinate thus extends from the highest concentration of acid 
through zero concentration of acid on through the regions of 
higher alkaline concentration. 


TABLE 1. 


Normality with 
respect to HCl. 

pH 

Normality with 
respect to NaOH. 

pH 

10-1 

0.77 

0.0 

4.81 

10-2 

1.96 

10 

4.89 

10-^ 

i 3.89 

10-5 

5.00 

10-4 

4.69 

10-' 

5.00 

10”" 

4.74 

7 

o 

6.49 

10-e 

4.83 

10-- i 

11.33 


TABLE II. 


Normality with 
respect to HCl. 

! pH 

Normality with 
respect to NaOH. 

pH 

10“1 

0.96 

0,0 

5.6 

10-2 

2.12 

10 

1 5.54 

10-5 

4.49 

o 

1 

5.66 

10-4 

5.4 

10-' 

5.69 

10-5 

5.6 

10 “5 

8.78 

10-5 

5.6 

10-2 

11.57 


It will be observed that the isoelectric point of asli-frce gelatin 
(Smith), Curve 1, lies at pH = 4.8, corresponding to a hydrogen 
ion concentration of 1.59 X 10”^, and that the isoelectric point of 
commercial gelatin, Curve 2, lies further toward the alkaline 
region and comes at pH = 5.64 (hydrogen ion concentration|^of 
2.28 X 10~s). 

Ash determinations were made on both samples of gelatin 
used. The ash-free gelatin (Smith) showed on ignition 0.011 
per cent residue which on treatment with hydrofluoric acid (to 
remove silica) and after a second ignition was completely volatil- 
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ized. A second portion of the gelatin was ignited and, without 
using hydrofluoric acid, the ash was treated with neutral distilled 
water. This solution showed no alkalinity with phenol red. 
The sample of commercial gelatin, however, showed a residue 



Fig. 1. Titration of 0.5 per cent gelatin in water at 25^G. Curve 1, 
asli-free gelatin (Smith). Curve 2, commercial gelatin. Ordinates, nor- 
mality of acid (or alkali) in total system expressed as the negative index 
of normality; ahscissoe are pH 

after the first ignition of 0.74 per cent. After being treated 
eight times with hydrofluoric acid this residue was reduced to 
0.25 per cent of the original gelatin. A second portion of the 
commercial gelatin was ignited and the ash dissolved in neutral 
distilled water and titrated wuth standard HCl solution. This 
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showed an alkalinity corresponding to 0.000577 gin. of CaO per 
gm. of gelatin, or to a pH of 4.29 in a 0.5 per cent gelatin solu¬ 
tion (hydrogen ion concentration of 5.14 X 10”^), assiiiiiing it is 
all in solution. 

V Ik is evident that the displacement of the isoelectric point of 
commercial gelatin was due to the alkali content, part of the 
alkali being combined with the gelatin so that not all the alkali 
appearing in the ash is available to displace the hydrogen ion 
concentration. 

The isoelectric point of ash-free gelatin (Smith) is identical 
with that of Loebts so called isoelectric gelatin.*^ 

^ Loeb, J., J. Gen. Physiol., 191S~19, i, 237. 



SEDOHEPTOSE, A ITEW SUGAR FROM SEDUM 

SPECTABILE. II. 

By F. B. La FORGE. 

{From the Bureau of Chemistry^ United States Department of Agriculture, 

Washington,) 

(Received for publication. March 30, 1920.) 

In a previous publication^ a new ketose was described possessing 
properties which seemed to place it in a unique position among 
all known members of the sugar group. 

While the original compound reduced Fehling^s solution 
strongly, it lost about 80 per cent of its reducing power on boil¬ 
ing with dilute acids. 

When the transformed compound was treated with benzal- 
dehycle in 50 per cent H 2 SO 4 solution, a crystalline product was 
obtained, which proved to be the benzal derivative of a heptose 
that had lost 1 molecule of water. lwdrol 3 ^sis of this benzal 
compound the anhydride itself (CvHioOe) was obtained as ciystal- 
line anhydrosedoheptose. This compound did not reduce Fehl- 
ing^s solution. On heating with dilute acid the anly^dride 
passed to the extent of about 20 per cent into the reducing 
sedoheptose (C7H14O7) and there is thus an equilibrium in such 
solutions between the two substances. 

Upon reduction with sodium amalgam in neutral or slightly 
alkaline solution sedoheptose yielded twm heptitols, wiiich prop¬ 
erty, and also the fact that it was not oxidized hy bromine, served 
to characterize the new sugar as a ketose. 

Its tendenc}^ to form a non-reducing anly^dride, which ma}^ be 
regarded also as an inner glucoside, is a property" which served to 
differentiate the sugar of the sedum plant from all other members 
of this group. 

There are several considerations of structure 'which might 
offer some explanation of the abnormality^ displayed by sedo- 

^ La Forge, F. B., and Hudson, C. S., /. Biol, Cheni., 1917, xxx, 61, 
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heptose. One of these is the theory that sedoheptose might 

have a branch chain formula such as 


'CH2OH 


HoCOH C0(CH0H)2C0H 


-CH20H 


The anhydride might then be represented by 


/O- 


rCH2 


H 2 GOHC (CHOH).>COH 
\0- 

But there are two good reasons why the branch chain theory 
must be excluded. 

In the first place, one of the heptitols obtained on reduction of 
sedoheptose is inactive, while all possible branch chain heptitols^ 
according to theoretical considerations, are active." Second, 
oxidation of a branch chain heptitol with HNO 3 should lead to a 
tribasic acid, while experiment showed that a dibasic, pent- 
oxypimelic acid was obtained on oxidation of sedoheptitol. 


Oxidatioji of a-SedoheptitoL 

18 gm. of a-sedoheptitoh were oxidized according to the method 
of Fischer b}^ warming with three parts of HNO3 (specific gravity 
1.2). After standing for 3 or 4 hours at about 50° the solution 
was rapidly concentrated on the steam bath and most of the 
excess acid expelled by repeated evaporation with water. The 
reaction product was finally boiled with calcium carbonate for 
several hours and filtered. The filtrate slowly deposited crystals 
which were collected and purified by dissolving in, water containing 
a slight excess of oxalic acid and again transforming the acid into 
the calcium salt. The solution yielded the salt as pure white 
crystals. The yield was 3 gm. 

2 It is, to be sure, possible to write- a formula for aix inactive heptitol 
having no asymmetric carbon atoms, thus: 

HHH 

H2COH 0 0 0 H2COH 
H2COH H H2COH 
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0.1898 gm. substance dried at 100“ gave 0.2132 gm. CO 2 , 0.0539 gra. H 2 O, 

and 0.0372 gm. CaO. 

Calculated for 
Ca C7H10O9 (278). Found. 
per cent per cent 


Ca. 14.3S ' 14.00 

C. 30.21 30.60 

H... 3.59 3.15 


These results agree for the Ca salt of pentoxypimelic acid. 
Therefore, sedoheptitol and, consequently, sedoheptose in ail 
probability have a straight chain formula. The three possible 
structures for straight chain, seven carbon ketoses are: alpha, 
CH 2 OH CO CHOH CHOH CHOH CHOH CHoOH; beta, 
CH 2 OH CHOH CO CHOH CHOH CHOH CHOH CH.OH; 
and gamma,' CH 2 OH CHOH CHOH CO CHOH CHOH CH.OH. 
Of these three possibilities beta and gamma might explain the 
formation of an anhydride as follows. Beta (by elimination of 
water) 


H 2 C-GHOH-C-CHOH-CHOH-CHOH-CH 2 

i- r\ -! 


and gamma (by elimination of water) 


j-^-1 

H.C CHOH CHOH C CHOH CHOH CHa 

!-A-1 


As has already been stated two heptitols have been obtained 
from sedoheptose by reduction; one, c^-sedoheptitol, is active, 
the other, /3-sedoheptitoI, is inactive. 

It will readily be seen that if the space formulas of these hepti¬ 
tols were known the configuration and also the structure of sedo¬ 
heptose would follow, because the two heptitols -would differ only 
in having the position of one hydroxyl reversed. The carbon 
aton). on which this reversal took place would be the one which 
originally carried the carbonyl group in the ketose from which 
the two heptitols were derived. Thus, in the case of fructose, 

® The words alpha, beta, and gamma are written out where they refer 
to the position of carbon atoms in the molecule. The Greek letters a and 
/? are used to distinguish between epimeric compounds. 
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H 

HsH H 0 Ha 

C-.C-C-C~CO-C 
O O 0 H 0 

H H H H 

tiie two resulting hexitols, sorbitol 


H 


Ha H 

H 

0 

H 


C-C- 

-C- 

-c- 

-C- 

-C 

0 0 

0 

H 

0 

0 

H H 

H 


H 

H 


and mannitol 

H H 

Ha H H 0 O Ha 
C-C-C-C-C-C 
0 0 O H H O 
H H H H 


have the hydroxyl groups reversed in the alpha position and the 
formula of the sugar would be evident if only the configuration 
of sorbitol and mannitol were known. The same method could 
be applied to sedoheptose. 

There are according to the theoiy ten heptitols, if optical 
isomerism is disregarded. Six of these are optically active and 
four are inactive. Their space formulas are as follows. 

Heptitols. 


From Glucose, 





H 








H 


H 



H 

H 

0 

H 

H 




H 

H 

0 

H 

0 


H 2 OHC 

C 

C 

c 

C 

C 

Q 

b 

If 

0 

K 

0 

C 

C 

c 

C 

C 

CHoOH 


0 

0 

H 

0 

0 




0 

0 

H 

0 

H 



H 

H 


H 

H 




H 

H 


H 









From Mannose. 










H 

H 







H 

H 

H 



H 

H 

0 

0 

H 




H 

H 

0 

0 

0 


H 2 OHC 

C 

C 

C 

c 

C 

CH 2 OH 

3a 

H 2 OHC 

C 

C 

c 

C 

C 

CH 2 OH 


0 

0 

H 

H 

0 




0 

0 

H 

H 

H 



H 

H 



H 




H 

H 
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From Galactose. 



H 

H 




H 

H 


H 

11 

0 

0 

H 

H 

H 

0 

0 

H 

0 

c 

G 

G 

G 

C CH 2 OH 3a 

H 2 OHG G 

C 

G 

C 

C 

0 

H 

H 

0 

0 

0 

H 

H 

0 

H 

H 



H 

H 

H 



H 



CHsOH 5a' 


From Talose. 



H 

H 

H 



H 

H 

H 

H 

H 

0 

0 

0 

H 

H 

0 

0 

0 

0 

G 

G 

G 

G 

C GH 2 OH 6^- 

H 2 OHG G 

C 

G 

G 

c 

0 

H 

H 

H 

0 

0 

H 

H 

H 

H 

H 




H 

H 






CH 2 OH 7a 


From Gulose. 


H 2 OHC 



H 





H 



H 

H 

0 

H 

H 

H 

H 

0 

H 

H 

0 

C 

G 

C 

G 

C GH 2 OH 8a 

H 2 OHC G 

G 

G 

G 

G 

0 

H 

0 

0 

0 

0 

H 

0 

0 

H 

H 


H 

H 

H 

H 


H 

H 



CH 2 OH 5a 


From Idose. 



H 


H 



H 


H 

H 

H 

0 

H 

0 

H 

H 

0 

H 

0 

0 

G 

C 

G 

G 

C CH 2 OH 9i 

H 2 OHG C 

G 

C 

C 

0 

0 

H 

0 

H 

0 

0 

H 

0 

H 

H 

H 


H 


H 

H 


H 




From Allose. 


H H H H H 

H 2 OHC C C C G C GH 2 OH lOi 
0 0 0 0 0 
H H H H H 


H 

H H H H O 

H 2 OHG C C C G C CH 2 OH 7a 
0 O 0 O H 
li H H H 


From Altrose. 





H 





H 

H 

H 

H 

H 

0 

H 

H 

H 

H 

0 

0 

C 

G 

G 

G 

G GH 2 OH Sa 

b 

o 

0 

G 

G 

G 

0 

0 

0 

0 

0 

0 

H 

0 

0 

0 

0 

H 

0 

H 

H 

H 


H 

H 

H 

H 


H 
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Those which are active are designated a, those which are inac¬ 
tive, i. Of the active heptitols all but 7a are known while Iz is 
the only known inactive one. 

Neither of the heptitols from sedoheptose is identical with 
any of the known heptitols. But since one of them, Q'-sedohepti- 
tol, is active it must have the formula 


H 

Ho H H H H O H 2 
7a C-C-G-C-C-C-C 
O 0 0 O O H 0 
H H H H H H 

because this is the only remaining possibility according to the 
theory. 

The inactive /3-sedoheptitol might have one of three possible 
configurations, Gf, or lOi, since li is known and is excluded on 
account of the properties of its acetyl and ben^ial derivatives.^ 

Returning to the consideration of the three possible structures, 
alpha, beta, and gamma of sedoheptose, W’-e may exclude the last 
named possibility for the reason that the gamma position in the 
case of a seven carbon chain is in the middle of the molecule. 
From this it follows that if the keto group in the original sugar 
was in this position, and if it 3 delded on reduction two heptitols, 
one of which was inactive, the second heptitol which resulted 
from this treatment would also have to be inactive. Therefore, 
the gamma keto structure is excluded. 

There remain the alpha and beta structures to be considered. 

The latter structure might explain the abnormal properties of 
sedoheptose, but the properties of a- and /3~secloheptitol are not 
in agreement with theoretical requirements. Inactive .d-sedo- 
heptitol must have one of the configurations G^, 9i, or lOf and 
a-sedoheptitol must differ in having the position of one hydroxyl 
in the beta position reversed. With this change li and (n would 
yield 3a or a-mannoheptitol of M. P. 180° and could not be 
confused with active a-sedoheptitol. Likewise, with the same 
change both 9z and lOz would yield 8a (/3-guloheptitol of M. P. 

^ Fischer, E., Ann. Ghein., 1892, cclxx, 64. Wherry, E. T., J. BioL 
Chem., 1920, xlii, 377. 
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128®).® Tlius^ the beta possibility must also be excluded and there 
remains only the alpha structure to be considered. 

There are two possible configurations for an alpha keto struc¬ 
ture which will meet the conditions in the case of sedoheptose. 

Ha H H H H 0 Hs 
I. C~C-C-C-C~C-C 
O O O O O 0 

H H H H H H 

and 

H 

H 2 O H H H 0 Hs 
IL C-C~C-C-C-C-C 
O H O O O O 

H H H H H 


5 La Forge, F. B., J. BioL Chem., 1920, xli, 251. 

/3-Glucoheptitol 2a and iS-guloheptitol 8a both melt at about the same 
temperature as /3-sedoheptitol and all three show little or no optical activ¬ 
ity. It is not possible, however, that j5-sedoheptitol could be identical 
with either, as can be shown by theoretical as well as experimental consid¬ 
erations. The space formulas on pages 370 and 371 will show that neither 
2a nor Sa could lead to 7a, the only remaining unknown active heptitol 
by the reversal of the position of one hydroxyl group. 

In the following table the melting points of the three compounds in ques¬ 


tion are given together with their optical rotations. 

Melting point. 


/?-Glucoheptitol.. 130-131 +0.8 

/J-Guloheptitol. 129 0 

iS-Sedoheptitoh. 128 0 

jS-Gluco- + jS-sedoheptitol. 119-120 

/3-Gulo- + ]0-sedoheptitol. 121 

iS-Gluco- + iS-guloheptitol. 118-120 

In addition to these differences j8-glucoheptitol forms a characteristic gela¬ 
tinous benzal derivative. Dr. Edgar T. Wherry of this Bureau has meas¬ 
ured the refractive indices of the three substances with the following results. 


a ^ y T-a 

iS-Glucoheptitol. 1.542 1.550 1.552 0.010 

/3-Guloheptitol. 1.565 1.570 1.586 0.021 

^-Sedoheptitoi. 1.564 1.570 1.584 0.020 


The differences brought out bet'ween j5-glucoheptitol serve to differentiate 
it sharply from the other two. The figures for iS-guloheptose and ^-sedo- 
heptose, however, do not show sufficient differences to allow a conclusion 
to be drawn as to their separate identity. This result is not at all surpris¬ 
ing since the last mentioned compounds differ only in the configuration of 
their molecules by the position of one hydroxyl group. 
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Both of these configurations will give on reduction the active 
lieptitol 


H 

H. H H H H O Hs 
7a C-C-C-C-C-C-C 
O O O O O H 0 
H H H H H H 


and both will give unknown inactive heptitols 

H. H H H H H H 2 
m c~c-c-G~c~c-c 
0000000 

H H H H H H H 

in the case of I and 

H H 

Ha O H H H O H 2 
02 C—G-C-~C-C-C~C 
O H 0 0 0 H 0 
H H H H H 


in the case of II. Any two of the five hydroxyl groups might be- 
involved in the formation of the anhydride, which might have,, 
for instance, the formula 


H 2 H 


-O— 

H H 
0 0 


H 2 


C-G-C-C-G-G-C 
0 I H H H I O > 
H '-O-' H 


It is not possible with our present knowledge to decide between 
I and II and before this question can be settled the active hep- 
titol, 7a, and one of the inactive ones, lOf or will have to be 
prepared. For the preparation of these compounds considerable 
amounts of talose or allose would be necessary, and until this 
material is available the decision between the two possible for- 
mulas for sedoheptose will have to be withheld. 

The formulas for sedoheptose, one of which one seems forced 
to accept, do not offer any explanation for the abnormal behavior 
of this sugar toward dilute acids. The only peculiarity in the 
case of I is in the hydroxyl groups, all being on one side of the 
molecule. Whether such a circumstance can, in general, be 
the cause of such a great difference in properties only further 
study of the higher sugars can decide. 



VOLEMITE, 

By R B. La FORGE. 

{From the Bureau of Chemistry, United States Department of Agriculture, 

Washingt07i.) 

(Received for publication, January 21, 1920.) 

In a previous article on sedoheptose^ reference was made to 
the natural heptitol, volemite. This compound seemed to agree 
in its properties with those of a-sedoheptitol, one of the heptitols 
obtained on reduction of sedoheptose with sodium amalgam. 
The ideiitit}^ of the two compounds w^ould have been accepted 
but for a discrepancy^ in the melting points of tribenzal oi-sedo- 
heptitol and that recorded by Bougault and Allard-’*^ for the 
corresponding derivative of volemite. 

Since the publication of the article on sedoheptose, I have 
received, through the courtesy of Professor Emile Boiirquelot of 
Paris, a sample of natural volemite and also a statement that the 
recorded melting point of tribenzal volemite was erroneous. 

The sample furnished by Professor Bourquelot, after crystalliza¬ 
tion from 75 per cent alcohol, melted at 151° uncorrected. This 
is the melting point which has been accepted for ce-sedoheptitol. 
The two products, when mixed, also znelted at 151° uncorrected. 

An optical examination of crystals of the two substances failed 
to disclose any differences. 

For further comparison, the acetal of a-secloheptitol has been 
prepared. 

Acetal of a-sedoheptitol. —1.4 gm. of a-sedoheptitol in 3 cc. of 
50 per cent sulfuric acid were shaken with 3 gm. of acetaldehyde 
and the reaction mixture was allowed to stand over night in the 

1 La Forge, F. B., and Hudson, C. S., J. Biol, Chem,, 1917, xxx, 61. 

2 Bougault, J., and Allard, G., CompL rend, Acad,, 1902, cxxxv, 796. 

® In general the benzal derivatives of the higher alcohols are not ■well 
adapted for identification purposes as they often show little difference in 
melting point. In the article on sedoheptose the melting point of tribenzal 
sedoheptitol was given as 190°. This should be corrected to 225°. 
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Volemite 


ice box. Tlie resulting mass of crystals was washed with water 
and twice recr^^stallized from a small amount of 75 i3er cent 
alcohol. The compound melted at 191-194° uncorrectcd which 
agrees with the melting point of volemite acetal recorded by 
Boiigault and Allard.^ 0.5544 gm. in 25 cc. of chloroform 
rotated in a 2 dm. tube —2.60® to the left (a)D == —45,55. The 
authors record (a)^ for the volemite derivative as -“46.40 in 
chloroform solution. There can, therefore, be no further doubt 
as to the identity of the two heptitols. 

As shown in the preceding publication,^ the space formula 

H 

Hs H H H H O H2 
C-.C“-C-C-“C-C~C 
O 0 O 0 0 H 0 
H H H H H H 

or its mirror image must be accepted as corresponding to 
a-sedoheptitol and hence must also represent the configuration of 
volemite. 


^ La Forge, F. B., J. Biol. Chem., 1920, xlii, 367. 



OPTICAL PROPERTIES OF A SERIES OF HEPTITOLS. 

By EDGAR T. WHERRY. 

(From the Bureau of Chemistry, United States Department of Agrimllure, 

Washington.) 

(Received for publication, Alay 5, 1920.) 

Eight of the ten possible heptitols were prepared by Dr. F. 
B. La Forge of the Bureau of Chemistry and turned over to the 
writer for investigation. 

Optical studies were made of them by the immersion method 
under the polarizing microscope, using oily immersion liquids of 
known refractive indices, and light transmitted through a combi¬ 
nation of tw^o color screens with a maximum transmission at D. 
As it seemed of interest to obtain the refractivities, determinations 
of specific gravity were also made, by suspending the materials 
in mixtures of carbon tetrachloride and benzene, and measuring 
the specific gravity of the liquid in each case with a Westphal 
balance. The formula^ was used for calculating refractivity; 
the theoretical value, using Eisenlohr’s data, C, 2.418, H, 1.100, 
and 0, 1.525, should be, for CtHigO?, 45.20. The results of these 
observations are here presented. 


a-mannoheptitol 


HH 

H HO OH 

H 2 OHC C C C C C CH 2 OH M.P. 180°. 
O OH HO 
H H H 


Described by Maquenne.^ 

In ordinary light: seen to consist of minute needles and rods. 
Refractive indices (D): 

a = 1.538, iS - 1.545, 7 = 1.549, y-a = 0.011, aU ± 0.005; 
index a is often shown lengthwise. In parallel polarized lightj nicols 


■M - 


1 W 


' + 2 


—, where n is the mean refractive index for D, W, the 


molecular weight (212.13), andp, the density of the substance. 
2 Maquenne, Cornpl. rend. Acad., 1888, cvii, 583. 
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ci^ossed: Birefringence moderate, the colors being first order; 
extinction parallel; elongation —. 

Specific gravity = 1.485; mean == 1.544; refractivity == 45.10. 


/?-mannoheptitol 
a- or^-altroheptitol 


HH H 
H H O O O 

H.OHC C C G C C CH.OH 
O O HHH 
H H 


M.P. 125°. 


Described by Peirce;^ prepared from mannose. 

In ordinary light: seen to consist of minute needles, often 
radiating. Refractive indices (D): 

a ~ 1.533, 13 = (?), 7 = 1.545, 7 —a == 0.012, all ± 0.005; index 
7 is often shown lengthwise. In parallel polarized lightj nicols 
crossed: Birefringence moderate, the colors being first order; 
extinction parallel; elongation +. 

Specific gravity = 1.470; meann == 1.539; refractivity = 45.21. 


H 

H H OHH 

Q^-gliicoheptitol H 2 OHC C C C C C CH 2 OH M.P. 12S°. 

O O HO O 
H H H H 


Described by Fischer.^ 

In ordinary light: seen to consist of pointed rods, sometimes 
radiating. Refractive indices (D): 

a ~ 1.548, l3 = 1.550, 7 = 1.558, 7 — a: = 0.010, all dr 0.003; 
intermediate values are usuall}’ showm. In parallel polarized lights 
nicols crossed: Birefringence moderate, the colors being first order; 
extinction inclined, reaching a maximum angle of 40®, although 
parallel extinguishing rods arc not uncommon; elongation variable. 
In convergent polarized light, nicols crossed: a partial biaxial inter¬ 
ference figure occasionallj’^ showm; 2 E large, and sign +. 

Specific gravity = 1.520; mean = 1.552; refractivity == 41.60. 

H H 
H H OHO 

^-glucolieptitol H 2 OHC C C C C C CH 2 OH M.P. 12SM29°. 

O OH O H 
HH H 

Described by Philippe,® 

3 Peirce, G., J. Biol. Chem., 1915, xxiii, 334. 

^ Fischer, E., Ann. Chern., 1892, cclxx, 64. 

® Philippe, L. II., A7in. chim. phys., 1912, xxvi, 289. 
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/n orcUnanj light: seen to consist of plates and rods, the latter 
radiating. Refractive indices (D): 

« = 1.542, /3 = 1.550, T = 1.552, y-a = 0.010, all±0.003; in¬ 
dex 7 is usually shown lengthwise, and /3 is often shown on the plates. 
In parallel polarized light, nicols ci'ossed: Birefringence moderate, 
the colors being first order; extinction parallel; elongation +, 
Specific gra\nty = 1.510; mean = 1.548; refract!vity = 44.61o 


cs:'Secloheptitol 
cK-or jS-taloheptitol 


H HH H 
H 0 O 0 O 

H 2 OHG C C C C C CH 2 OH 
OHHHH 
H 


M.P. 151°. 


Described by La Forge and Hudson;® prepared from scdoheptose. 
In ordinary light: seen to consist of rods and needles, often 
bunched. Refractive indices (D): 

oj = 1.550, 13 = 1.555, 7 = 1.562, 7-0^ = 0.012, all ± 0.003; 
index 7 is often shown lengthwise. In parallel polarized lights 
nicols crossed: Birefringence moderate, the colors being first order; 
extinction parallel; elongation +. 

Specific gravity = 1.520; mean n = 1.556; refractivity = 44.85. 


^-scdoheptitol ^ 


HHHHH 

HoOHC C C C C C CH 2 OH 
0 0 0 0 0 
HHHHH 
H H 

0 HHH O 

or H 2 OHC C C C C C CH 2 OH 
H 0 O O H 
HHH 


} M.P. 128°® 


Described by La Forge and Hudson."^ 

In ordinary light: seen to consist of plates and rods, with 120® 
angles. Refractive indices (D) (checked by a monochromatic 
illuminator) : 

o: = 1.564, 13 = 1.570, 7 = 1.584, 7“a = 0.020, all ± 0.002; 
index a is often shown length\vise. In parallel polarized lights 
nicols crossed: Birefringence moderately strong, the colors being 

® La Forge, F. B., and Hudson, C. S., J. BioL Chem,, 1917^ xxx, 68® 

^ La Forge and Hudson,® p. 71. 
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first to second order; extinction parallel; elongation mostlj^ —« 
In convergent polarized lights nicols crossed: a partial biaxial inter™ 
ference figure occasionally shown; 2 E large^ and sign +. 

Specific gravity = 1.590; mean w =__1.573; refractivity = 43.95. 


a~giilolieptitol 

/5-galaheptitol 


H H 
H O H H O 

HsOHC C C C C C CHaOH M.P. about 140°. 
O H O O H 
H H H 


Described b 3 ^ Peirce^ and by La Forgeprepared from gulose. 

In ordinary light: seen to consist of irregular grains. Refractive 
indices (D): 

a — 1.554, /3 = 1.560, 7 = 1.570, 7 —a = 0.016, all dr 0.003; 
means of these values are usually shown. In parallel polarized 
light, nicols crossed: Birefringence moderate, the colors being 
first to second order; extinction apparently inclined; elongation 
mostly . In convergent polarized light, nicols crossed: A partial 
biaxial interference figure frequently shown; 2E moderately 
large, and sign 

Specific gravity = 1.560; mean n = 1.561; refractivity = 44.03. 


/S-guIoheptitol 
or- or /3-altrolieptitol 


H 

H O H H H 

H 2 OHC C C C C C CH 2 OH 
O H O O O 
H H H H 


M.P. 128°. 


Described by La Foi^ge;^ prepared from gulose. 

In ordinary light: seen to consist of pointed rods. Refractive 
indices (D) (checked by a monochromatic illuminator): 
a; = 1.565, jS = 1.570, 7 = 1.586, 7-« - 0.021, all zb 0.002; 
means of these values are usually shown. In parallel polarized 
light, 'nicols crossed: Birefringence moderately strong, the colors 
being first to second order; extinction somewhat inclined; elonga¬ 
tion variable. In convergent polarized light, nicols crossed: A 
partial biaxial interference figure frequently shown; 2E large, 
and sign +. 

® La Forge, F, B., Biol. Chem., 1920, xli, 2o4. 

® La Forge,® p, 256. 



TABLE!. 

Properties of the Eight Heptitols Studied. 
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&'o S'© 

>75 ^ +3 

Pointed 

rods. 

1.565 

1.570 

1.5S6 

0.021 

Means. 

Strong. 

1-2 

Inclined. 

db 

Often. 

Large. 

+ 

1.574 

1.585 

44.18 

1 a-gulo- 
heptitol. 
/3-gala- 
heptitol. 

Grains. 

j 1.554 

1.560 
1.570 
0.016 

Means. 

Moderate. 

1-2 

Inclined. 

Often. 

Large. 

+ . 

1.561 
1.560 

44.03 

(3~sedo- 

heptitol. 

Plates, 

rods. 

1.564 

1.570 

1.584 

0.020 

a 

Strong. 

1-2 

Parallel. 

Occasional. 

Large. 

+ 

i 1.573 
s 1.590 
43.95 

a-sedo- 
heptitol. 
(?)-talo- 
j heptitol. 

Rods, 

needles. 

1.550 

1.555 
1.562 
0.012 

y 

Moderate. 

1 

Parallel. 

+ 

-f 

1.556 
1.520 

44.86 

il 

'bc a 

Plates, 

rods. 

1.542 

1.550 

1.552 

0.010 

7 

Moderate. 

1 

Parallel. 

+ 1 

1.548 

1.610 

44.61 

a-gluco- 

heptitol. 

Pointed 

rods. 

1.548 

1.550 

1.658 

0.010 

Means. 

Moderate. 

1 

40° 

Occasional. 

Large. 

+ 

1.552 

1.520 

44.60 

an no- 
hep titol. 

Radiating 

needles. 

1.533 

(?) 

1.545 

0.012 

7 

Moderate. 

1 

Parallel. 

+ 

(?) 

1.539 

1.470 

45.21 

ce-manno- 

heptitol. 

Minute 

needles. 

1,538 

1.545 

1.549 

0.011 

a 

Moderate. 

1 

Parallel. 

1.544 
1.485 
45.10 1 

Substance..... 

Habit. 

Refractive indices a . 

^. 

7. 

Birefringence y-a . 

Usually shown. 

Birefringence. 

Order of colors. 

Extinction. 

Elongation..... 

Interference figure. 

Axial angle, 2E. 

Optical character.. 

Mean n ... 

Specific gravity..... 

Ref ractivity.. 


381 




















382 


Heptitols 


Specific gravity = L585;mean n — 1.574; refractivity — 44.18. 

Discusdon of Results .—It is noteworthy that the heptitols 
studied show in nearly every case highly distinctive optical 
properties, so that they could be differentiated unmistakably 
by this means. In the one instance of close resemblance, namely 
id-sedo- and ^d-guloheptitols, the differences between their respec** 
tive a and y values are too slight to enable them to be told apart 
except b}^ the most careful work; but with a monochromatic 
illuminator this should be possible. 

The refractivity of most of these substances comes out rather 
lower than the theoretical value; this must apparently be ascribed 
to some feature of their molecular configuration, but the exact 
nature of the effect is unknown. 



INFLUENCE OF DIET ON THE ANTISCORBUTIC 

POTENCY OF MILK.^ 


By E. B. hart, H. STEENBOCK, and N. R. ELLIS. 

(From the De'partment of Agricultural Chemistry, University of Wisconsw, 

Madison.) 

Plate 4. 

(Received for publication, May 8, 1920.) 

When Funk in 1914^ indicated that there probably was a spe¬ 
cific vitamine responsible for the prevention of scurv}^, he ex¬ 
pressed the belief that the diet of the milk-producing animal 
might be a factor in the relative antiscorbutic potency of the 
milks produced. This opinion was concurred in by Barnes and 
Hume,2 and in a recent publication^ we accepted this view as a 
possibility and a field for research. A preliminary note by 
Butcher, Pierson, and Biester^ on the same problem would indi¬ 
cate that they were in possession of facts tending to support this 
view. 

There appears to be positive experimental evidence that the 
mammary gland does not have the power to sj^mthesize the anti- 
neiiritic vitamine and that its concentration in the milk is depend¬ 
ent on the supply of it in the diet.^ However, from a recent 
publication by Osborne and MendeF one •would infer that there 

* Published Avith the permission of the Director of the Wisconsin Agri¬ 
cultural Experiment Station, Madison. 

^ Funk, C., Die Vitamine, Wiesbaden, 1914. 

“Barnes, R. E., and Hume, E. M., Biochem. J., 1919, xiii, 306; Lancet, 
1919, ii, 323. 

Hart, E. B., Steenbock, H., and Smith, D. W., /. Biol. Cliem., 1919, 
xxxviii, 305. 

^ Dutcher, R. A., Pierson, E. M., and Biester, A., Science, 1919,1, 184. 

s Andrew, V. L., Philippine J. Sc., Scries B, 1912, vii, 07. McCollum, 
E. V., Simmonds, N., and Pitz, W., J. Biol. Chom., 1916, xxvii, 33. 
Steenbock, H., Kent, H. E., and Gross, E. G., J. Biol. Chem., 1918, 
XXXV, 61. 

® Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xli, 549. 
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384 Antiscorbutic Potency of Milk ' 

is no difference in the water-soluble vitaiiiine content of milk 
produced under winter feeding and summer pasture feeding con¬ 
ditions. This is not surprising when we recall the comparative 
stability of this vitamine and the probability that it is not de¬ 
stroyed in the drying of farm crops. But their experiment in 
itseK does not decide that there would be no variation in the 
water-soluble vitamine content of milk if there were a wide 
variation in its concentration in any two rations compared. In 
respect to the fat-soluble or antixerophthalmic vitamine and its 
relation to diet concentration and abundance in milk there are no 
conclusive experimental data at present. Should it be found 
that this vitamine is generally associated or identical with cer¬ 
tain 3 ^ellow pigments of plant tissue"^ then there is abundant 
evidence that the concentration of this vitamine in the milk will 
be related to its concentration in the ration or diet. 

EXPERIMENTAL. 

We had excellent opportunity for studying this problem of 
dietary relation to the antiscorbutic vitamine concentration in 
milk. The University has maintained for the purpose of studying 
restricted ration problems a herd of eighteen cows, all of which 
are kept 3 ^ear after year on air-dried roughages and grains. No 
fresh green vegetable tissue of any kind has ever been fed this 
herd. Further, it is recognized through the results of recent 
investigations that the antiscorbutic properties of green plant 
tissue are greatly reduced in quantity even through the process 
of air-drying such as is customarily followed in the handling of 
farm crops. Such forage as finely ground alfalfa hay or corn 
stover^ has been so reduced in its content of the antiscorbutic 
vitamine as to fail to prevent the development of scurvy in the 
guinea pig. Our results show that the milk from this herd was 
distinctly inferior in its content of the antiscorbutic vitamine to 
the milk derived from cows receiving a part of their ration as 
simvmer pasture, which consisted of fresh green material The 
summer pasture milk was derived from cows of the University 
herd which during part of the day grazed on a timothy, blue 


Steenboek, H., Science, 1919,1,352. 
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grass, clover pasture. The amount of green plant tissue con¬ 
sumed by these animals was, of course, unknown. 

These differences in the antiscorbutic properties of milk are 
illustrated in Charts 1 to 8 inclusive. We used as a basal ration 
for the guinea pigs a mixture of heated alfalfa hay (finely ground), 
rolled oats, and common salt. The hay was heated in an auto¬ 
clave for J hour at 15 pounds pressure in order to reduce further 
its concentration of the antiscorbutic. This ration presumably 
furnished a sufficiency of all the dietary factors with the exception 
of an ample content of the antiscorbutic vitamine. For improve¬ 
ment of the protein mixture, where liquid milk was omitted, five 



Chakt a. Showing the early development of scurvy on the basal ration 
used in all our experiments. 


parts of casein were added. Chart A illustrates the deficiency of 
this ration in the antiscorbutic vitamine. The fact that nutri¬ 
tional failure resulted even in the presence of casein is positive 
proof that nutritional failure in the presence of a liquid milk 
addition was not due to the inclusion in the diet of too little 
protein of efficient supplementing character. 

Milk was given at different levels varying from 15 to 50 cc. 
per individual daily in the case of the summer pasture milk and 
from 15 to 100 cc, per individual in the case of the di\y feed milks. 
It should be noted (Chart 1) that 15 cc. daily of simimer pasture 
milk delayed the onset of scurvy, although not preventing its 
eventual occurrence in two of the animals of this group. One 
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animal^ No. 2^ apparently was fully protected against scurvy by 
but 15 cc. of such milk. This fact must emphasize not only 
variations of susceptibility in individuals, but the impossibilit}^ 



Chakt 1. Showing the protection against scurvy by 15 cc. per individual 
daily of summer pasture milk. This amount of milk was too small for 
complete protection of all individuals against the disease. 



Chart 2 . Showing the fuller protective action of 30 cc. per individual 
daily of summer pasture milk. This amount protected two animals com¬ 
pletely, while one animal was not protected. 


of fixing the minimum quantity of milk necessary for the pro¬ 
tection of a 250 gm. guinea pig against scurvy. Where 30 cc. of 
summer pasture milk were allowed (Chart 2), but one animal in a 
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group of three developed scurvy. With 50 cc. of this type of 
milk consumed daily per individual none of the group developed 
scurvy (Chart 3). One animal from this lot, No. 9, died after 9 



Chart 3. Showing the full protection against scurvy of 50 cc. of summer 
pasture milk when allowed daily per individual and used with a basal 
ration of rolled oats and heated alfalfa. 



Chart 4. Showing the complete failure of 15 cc. dail}^ per individual 
of dry feed milk to protect against scurvy. The basal ration was the same 
as in all other experiments. 


weeks restriction to this ration, but not from scurvy; the cause 
of death was undetermined. On all these rations the amount of 
milk allowed was completely consumed. 
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Entirely differeiifc results were secured with the dry feed milk. 
This milk was distinctly inferior in its antiscorbutic properties 
to the summer pasture milk. No protection against scurvy was 



Chart 5. This chart shows that 30 cc. of dry feed milk daily per indi¬ 
vidual was insufficient as a source of the antiscorbutic vitamine. 



Chart 6 . Not until 50 cc. of dry feed milk were allowed daily per indi¬ 
vidual was some protection against scurvy afforded. That amount only 
delayed the disease and did not prevent it. 


afforded by a daily consumption per individual of 15 cc. (Chart 
4), and twice that amount, dr 30 cc. of milk, was little better as a 
preventative, if judgment can be based on the time elapsing before 
the development of the disease (Chart 5). With 50 cc. of this 
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milk daily per individual (Chart 6), there manifestly was some 
protectioHj but the fatality from scurvy was only delayed and not 
prevented. All but one of this group died with pronounced 
scurvy symptoms, but only after 12 to 14 weeks confinement to 
the ration. No. 21 of this group died after restriction to the diet 
for 13 weeks, but scurvy symptoms were not apparent. When 
the volume of milk reached 75 cc. per indhddual daily the pro¬ 
tection against scurvy over a period of 18 weeks was complete 
(Chart 7).. These particular results are instructive. They 
indicate that the ration used for the production of this milk was 



Chart 7, It required 75 cc. of dry feed milk daily per individual to 
protect against scurvy, while 30 to 50 cc. of summer pasture milk accom¬ 
plished the same thing. This experiment shows that our dry feeds do 
contain some antiscorbutic, but not enough to protect a guinea pig when 
fed on the material directly. 

not wholly devoid of the antiscorbutic vitamine. Although dried 
and at least a year old the materials fed these cows still had 
some antiscorbutic potency. This fact probably has very great 
importance in its relation to the antiscorbutic needs of species 
other than the guinea pig or man. It demonstrates that there 
is a measure of this vitamine in feeds dried as these were, but 
that a .concentrating organ such as the mammary gland and a 
particularly sensitive animal such as the guinea pig are neces¬ 
sary for a demonstration of this fact. For the first 3 to 4 weeks 
on an allowance of 75 cc. of milk per individual not all of it was 
consumed, the consumption records showing from 55 to 65 cc. 
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per individual daily. After that time, however, the total 75 ce. 
were consumed. 

With 100 cc. of dry feed milk daily per individual perfect pro-^ 
tection against scur\y was afforded (Chart 8). These animals 
were well matured and their records are those of maintenance. 
For the first 10 weeks their consumption record varied from 87 
to 95 cc. daily per individual. Thereafter the entire amount was 
consumed. 

Manifestly then the diet may have a very pronounced influence 
upon the concentration of the antiscorbutic vitamine in the milk, 
being richer in this substance when the animals receive fresh 



Chart 8 . Showing the full protection against scairvy l)y 101) cc, of dry 
feed milk allowed daily per individual. 


green materials in the diet or ration than when the ration is made 
up of air-dried materials. Apparently the mammary gland has 
no power to synthesize this vitamine and derives it preformed 
from the food. These experiments make it clear that in addition 
to the antineuritic vitamine the concentration of the antiscorbutic 
vitamine in milk is dependent upon its concentration in the ration. 

We next investigated the antiscorbutic properties of milk 
made imder normal winter feeding conditions. Winter feeding 
of dairy cows, at least in the corn belt, generally includes corn 
silage in the ration. Corn silage probably varies in its anti¬ 
scorbutic properties. It is possible that silage made from fresh 
green corn is more potent in respect to its antiscorbutic content 
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than that ina.de from corn killed by frost and ^Yithered and dried 
before it is placed in the silo. On this matter we have no data 
at present and will only present in this publication our experience 
with milk produced during the winter of 1920 from dried grains, 
hays, and a corn silage made from corn that had well matured 
and partly dried, but had not been frozen. It was put in the 
silo with the addition of water, a practice necessitated by its 
diwness. Whether processes of fermentation, involving par¬ 
ticularly carbohydrate metabolism and acid production such as 
occur in silage making,* are destructive to the antiscorbutic 



Chart 9. 15 cc. per individual daity of winter-produced milk afforded 
little protection against scurvy. This milk was from cows receiving a 
ration of dried grains and dried hays + silage, made from well matured and 
6eld-dried corn, but non-frosted. 

vitamine is under investigation. We shall use the expression 
‘Svinter-produced milk’’ as indicating a ration containing silage 
of the character described above. 

The basal ration used for the guinea pigs was the same as 
in all other experiments and consisted of heated alfalfa hay, 
rolled oats, and common salt. The alfalfa "vvas ground as a meal 
and mixed with the oats and salt in the proportion showm in the 
charts. With 15 cc. of winter-produced milk (Chart 9) all indi¬ 
viduals succumbed to scurvy in 10 to 12 weeks. There was an 
initial gain in weight, but thereafter a gradual decline to death. 
These animals as a group lasted somewhat longer than the group 
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receiving 15 cc. daily per individual of dry feed milk which would 
indicate either that the individuals wm’e more resistant or that 
the milk was slightly richer in antiscorbutic properties. How¬ 
ever, its potency in the antiscorbutic was in a class with the dry 
feed milk and not with the green pasture milk. When 30 cc» of 
winter-produced milk w^ere allowed per individual daily three of 
the group developed scurvy early, but prolonged their existence 
for 9 to 10 weeks (Chart 10). 

One animal in this lot, No. 38, developed scurvy symptoms as 
early as the other members of the group, but lived much longer. 
There was a slow but gradual decline in weight bj^ this individual 



Chart 10, 30 cc. per individual daily of winter-produced milk (silage) 
was ineffective as an antiscorbutic when used with our basal ration of 
heated alfalfa flour and rolled oats. 


as the scurvy symptoms became more aggravated, althougli it 
was not dead at the end of 18 weeks. 

With 50 cc. or more of this milk daily per individual the pro¬ 
tective action was more nearly complete (Chart 11). Three of 
this group appeared to be protected against scurvy for a period 
of 15 to 16 weeks. One of the group, No. 41, developed scurvy 
in the lltli week and died of the disease in the 14th week. These 
results should be contrasted with the records shown in Charts 3 
and 6, respectively. With 60 cc. of summer pasture milk allowed 
daily per individual none of the group developed scurvy. With 
50 cc. of dry feed milk three developed scurvy and one died from 
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some unknown cause. On 50 cc. of winter-produced milk one of 
the group developed scurvy. An allowance of 75 cc. daily per 
individual of winter-produced milk fully protected all the animals 
in Lot 12 against scurvy (Chart 12). 



Chaet 11. When 50 cc. of winter-produced milk were allowed daily per 
individual there was considerable protection against scurvy. Three of the 
group were fully protected for 16 weeks; one of the animals developed 
scurvy at the end of 11 weeks. Evidently this amount of milk was an 
insufficient source of the antiscorbutic vitamine for complete protection 
of all individuals. 



Chakt 12. Showing the complete protective action against scurvy of 
75 cc. daily per individual of winter-produced milk over a period of 14 
weeks. 
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The winter feeding of dairy cows may very often include the 
roots of certain plants. Those most likely to be used in this 
couiitiy are such roots as the mangel, sugar mangel, or sugar 
beet. Carrots or parsnips may at times have limited use, but 
such roots as the rutabaga or turnip—the former reported by 
English investigators® to be comparatively rich in the antiscor¬ 
butic—are not likely to find a place in the feeding of dairy cows. 
This is due to the danger of producing milk tainted with the 
odor of sulfur oils. Our observations are limited to milk pro¬ 
duced by a ration consisting of grains, mixed hay, a small amount 



Chart 13. Showing the antiscorbutic properties of a milk ])rodu(‘.ed 
from grain, dried hay, 10 pounds of silage, and 30 pounds of sliced sugar 
mangels daily. The silage was the same as used in all other experimeid.s. 
15 cc. of this milk per individual daily did not protect three of the animals 
in this group against scurvy. One animal was |)rotocte(l for 11 weciks, 
when initial symptoms of scurvy developed. 

of silage (10 pounds per da}^, ^tiid the hybrid sugar mangel 
(Beta ndgaris, var,). This root is a cross between the mangel 
and sugar beet. About 30 pounds of the sliced beets were fed 
daily per individual. Chick and Rhodes have reported that the 
raw beet root—presumably the sugar beet—has relatively low 
antiscorbutic properties; they found, by the use of 20 cc* of the 
juice from this root, that protection to guinea pigs against the 
disease was negative, -while 2.5 cc. of raw Swede juice (rutabaga) 
prevented the development of scurvy. 


s Chick, H., and Rhodes, M., Lancet^ 1918, ii, 774. 
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The sugar mangel milk was relatively low in antiscorbutic 
properties. 15 cc. of this milk added to our regular basal ration 
afforded little protection to growing guinea pigs (Chart 13). 
This protection w^as similar to that showm by the silage-produced 
milk. With 30 cc. of this milk allow^ed daily per individual 
(Chart 14) the onset of scurvy symptoms %vas not delayed in 
two of the cases, Nos. 51 and 52, but Nos. 53 and 54 were pro¬ 
tected against scurvy for 11 w^eeks. Apparently the concentra¬ 
tion of the antiscorbutic vitamine in the sugar mangel milk was 
not of such a magnitude as to prevent in all individuals the 
development of scurvy on our basal ration plus 30 cc. of this 
milk daily. 



Chart 14. 30 cc. of sugar mangel milk daily per individual failed to 
protect two individuals in this lot. The other two animals were protected 
against scurvy by this quantity of milk for 11 weeks. 


SUMMARY. 

1. Evidence is presented showung that the concentration of 
the antiscorbutic vitamine in milk is dependent upon the diet. 

2. Summer pasture milk is much richer in this nutritive factor 
than dry feed milk or winter-produced milk, invoking the use in 
the ration of corn silage or sugar mangels. 

3. 15 cc. daily of summer pasture milk imposed upon the 
basal ration used afforded protection against scurvy for 20 w^eeks 
to one guinea pig. However, for most individuals this quantity 
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of milk was insufficient for scurvy prevention*- 50 cc. was a 
safer limit for complete protection. 

4. At least 75 cc. daily per individual ■ of dry feed milk were 
needed for complete protection against scurvy. The fact that 
milk produced from such dr^^ feeds as used contained a measure 
of the antiscorbutic vitamine shows that the dry feeds themselves 
are not completely devoid of this nutritive factor. Their content 
in this vitamine is too low for protection of a guinea pig against 
scurvy, but the mammary gland, through a process of special 
selection and concentration in the milk produced, becomes an 
effective means of showing the presence of the antiscorbutic, 
especially in old dried feeds. 

5. Silage made from corn well matured and partly dried before 
putting into the silo did not greatly enhance the concentration 
of the antiscorbutic factor in the milk. The same statement 
applies to the use of sugar mangels. Silage or sugar mangel milk 
was in a class with the dry feed milk and not of the order of green 
summer pasture milk in respect to its content of the antiscorbutic 
vitamine. The sugar mangel milk was a somewhat better source 
of this vitamine than the silage milk, but our data on this point 
are at present too limited to warrant an unqualified statement. 


EXPLANATION OP PLATE 4. 

FiCt. 1. A normal guinea pig. 15 cc. daily of summer pasture milk pro¬ 
tected against scurvy when the remainder of the ration consisted of heated 
alfalfa flour 25 parts, rolled oats 74 parts, and common salt 1 pa,rt. Photo¬ 
graphed in the 12tli week of restriction to this diet. 

Fig. 2. A scorbutic guinea pig. 15 cc. daily of dry feed milk did not 
protect against scurvy when the remainder of the ration consisted of lieated 
alfalfa flour 25 parts, rolled oats 74 parts, and common salt 1 part. Photo¬ 
graphed after 4 weeks restriction to this diet. 

Fig. 3. Showing early stages of scurvy. 15 cc. daily of winter-produced 
milk (silage -f dry grain and dry hay) did not effectively protect against 
scurvy when the remainder of the ration consisted of heated alfalfa flour 
25 parts, rolled oats 74 parts, and common salt 1 part. Photographed after 
4 weeks restriction to the diet. The silage was made from field-dried, but 
non-frested corn. 




(Hart, Steenbock, and Ellis: Antiscorbutic potency of milk.) 





HYDROGEN ION CHANGES IN THE MOSAIC DISEASE 
OF TOBACCO PLANTS AND THEIR RELATION 

TO CATALASE, 

By R. B. HARVEY. 

(From the Office of Plant Physiological and Fermentation Investigationsj 

Bureau of Plant Industry^ United States Department of Agriculture^ 
Washington.) 

(Received for publication, May 13, 1920.) 

A number of determinations have been made upon the cata-* 
lase^ and oxidase- relations in the mosaic diseases. The author 
has confirmed the findings of previous authors that the catalase 
activity is decreased and the oxidase activity (Bunzell) increased 
in the mosaic areas. To account further for the abnormal growth 
in the infected areas and for the decrease in catalase, an attempt 
was made to determine the relations in the healthy and dis¬ 
eased tissues. 

concentration determinations were made by the potentio- 
metric method on freshly expressed juices. Tobacco leaves were 
collected from material of known heredity grown by Dr. Allard 
of the Division of Tobacco Investigations, at Arlington, Virginia. 
In all cases samples of 10 pounds or more of leaves were taken 
at the same time from healthy and diseased plants of the same 
variety growing in the same soil. The samples were ground in a 
meat chopper and expressed by hand through cheese-cloth, or a 
portion was taken from the middle of each leaf and treated as 
above. In ever}^ case each sample was made up of old and young 
leaves from four or more plants. It was found that tobacco leaf 
juice could be diluted somewhat without changing the con¬ 
centration. Hence it was expected that minor differences in 

^ Cliapman, G. H., Massachusetts Agric. Exp. Station^ Bull. 175, 1917. 

^ Woods, A. F., Science, 1900, xi, 17. Bunzel, H. H., U. S. Dept. Agric.^ 
Bureau Plant Industry, Bull. ^77, 1913, 7; J. Agric. Research, 1914, ii, 373; 
Biochem. Z., 1913,1,185. 
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concentration due to the method of expression would not affect 
the H+ concentration of the juice greatly. using the Ksame 
method for all samples the results should be comparable. Better 
methods are desirable but not available. The permissible dilii^ 
tion is not sufficiently great to allow a colorimetric method to be 
used for determining the concentration on the dark-colored 
juice. The concentration of buffer is low and for this reason the 
expressed sap is subject to considerable change of H+ concentra¬ 
tion during protein precipitation. For this reason it is necessary 
to work rapidly with such juices and a colorimetric method would 
be desirable. Freezing of the tissue was not permissible. 

In Table I are given the changes in pH at various dilutions on 
the same sample of juice. 


TABLE I. 


Dilution of juice. 

pH 

Undiluted. 

5.753 

10 : 1 

5.755 

5 :1 

5.788 

1 : 1 

5.849 


A number of tests were made at different times and in most, 
cases the mosaic plants -show an concentration somewhat 
greater than healthy plants of the same variety. In some cases 
the mosaic and healthy plants show approximately the same 
acidity. In no case was the concentration of healthy plants 
greater than that of mosaic plants within the limit of error. 

Catalase determinations w^ere made in the Van Slyke apparatus 
for the determination of amino-acids in a constant temperature 
room at 30°C. 10 gin. of fresh leaf -were cut up with a knife and 
ground in a mortar W'ith quartz and sufficient sodium phosphate 
buffer mixture (Ch"^ 2.7 X 10“"®) or CaCOs to establish the 
concentration at a desired point. All the samples were made of 
portions of a large number of leaves. Dilutions of 10 gm. of 
leaves (green w^eight) to 250 cc. were found to be of a convenient 
concentration. 

In general the catalase determinations show a lesser difference 
in the activity of mosaic and healthy plants than those made by 
Chapman. This is probably for the reason that Chapman did 
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Bot regulate the H+ concentration in his experiments. If the 
concentration is not established at about Ch'^ 10~®, one has the 
combined effect of low catalase content in the mosaic plants, 
lesser activity of this catalase at the greater H+ concentration of 
mosaic plants, and a high rate of destruction of the catalase 
originally present. 

In Table II are given the concentration and catalase activ¬ 
ity of a number of samples. In those cases in which the mosaic 
plants show an concentration considerabty greater than the 


TABLE II. 

Hydrogen Ion Concentration and Catalase Activity of Mosaic and Healthy 

Tobacco Leaves, 


Healthy. 

Mosaic. 

pH 

X lO-fl 

Average 0-.. 

■ pH 

Ch"^X10-'‘ 

Average Oj. 



cc. 



cc. 

5.497 

7.016 

17.6 

5.247 

S. 768 

17.2 

5.330 

S.261 

10.5 

5.327 

8. 280 

6.9 

5.430 

7.559 

13.7 

5.064 

0.713 

7.5 

5.247 

8.768 

13.5 

5.268 

! 8.645 

13 2 

5.2S0 

8.573 

13.6 

5.180 

9 140 

11.7 

5.474 

7.210 


5.335 

; 8 228 


5.403 

7.760 

19.7 

5.297 

8 470 1 

1 17 6 



1 16.3 



1 11 7 



15.3 



10 7 

Average. 

5.3S0 

7.878 

15.0 

1 5.245 

S 750 

I 12 i 


healthy plants, the catalase activity in the same lot of leaves is 
correspondingly low. The presence of the virus in the mosaic- 
diseased areas produces a condition in w^hich abnormal metab¬ 
olism and growth are associated with hydrogen ion changes and 
low catalase activity. 

As in the case of acidosis of animals, a great change of H'+' con¬ 
centration is not likely to be found for it would result in death of 
the tissue. The increase in concentration and decrease in 
catalase activity in the living diseased areas can only be small if 
these factors are important in the life of the cells. 
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SUMMARY. 

The concentration of juice expressed from mosaic tobacco 
leaves was found to be somewhat greater than that from healthy 
plants^ the average for mosaic plants being 8.750 X 10“® 
and for healthy plants Ch"^ 7.878 X 10~®. 

Catalase activity in the mosaic leaves is decreased with increas¬ 
ing hydrogen ion concentration. 



EVIDENCE INDICATING A SYNTHESIS OF CHOLES¬ 
TEROL BY INFANTS. 


Bt JAMES L. GAMBLE and KENNETH D. BLACKFAN. 

(From the Laboratory of the De-partment of Pediatricsj the Johns Hopkins 
Universityj Baltimore,) 

(Received for publication, May 25, 1920.) 

Various foodstuffs derived from plants contain plant sterols 
which are closely similar to cholesterol. Fairly satisfactory 
evidence of the availability of these plant sterols as a source of 
cholesterol in the animal organism has been obtained. Fraser 
and Gardner^ found that phytosterols fed to rabbits on a diet of 
extracted bran cause an increase in the antihemolytic power of 
the blood serum to the same extent as when cholesterol is added 
to this diet. They found also- that when a diet of extracted 
bran is followed by a bran diet from which phytosterols have not 
been removed there results an increase in the cholesterol content 
of the blood. It is therefore conceivable that cholesterol, which 
is so prominent a structural constituent of animal tissues, ma}^ be 
derived altogether from cholesterol and phytosterols present in 
food. The complex chemical character of cholesterol, and 
evidence that it is conserved within the organism by being to 
some extent reutilized after excretion in the bile, are points in 
favor of this inference. 

Most of the experimental evidence at hand suggests an inabil¬ 
ity of the organism to synthesize cholesterol. Ellis and Gardner® 
from analyses of eggs and of newly hatched chicks found the 
same quantity of cholesterol in chicks as was found to be stored 

^ Fraser, M. T., and Gardner, J. A., Proc, Roy, Soc, London^ Series 
1909, Ixxxi, 230. 

2 Fraser, M. T., and Gardner, J. A., Proc, Roy. Soc, London^ Series B, 
1909-10, Ixxxii, 559. 

3 Ellis, G. W., and Gardner, J. A., Proc. Roy. Soc. London^ Series B, 
1909, Ixxxi, 129. 
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in imincubated ej^gs. Gardner and Lander^ found no evidence of 
cholesterol synthesis in chickens fed an extracted food for several 
weeks after hatching. Their control chickens, however, fed on 
an ordinary diet, did not add to their cholesterol content during 
the same period. Evidence of a cholesterol intake requirement, 
at least during this early period of the chickens’ development, is 
not proAuded by the results of this experiment. Ellis and Gard¬ 
ner^ state that the amount of coprosterol in the feces of dogs and 
cats fed a diet of lean meat or sheep brains can always be more 
than accounted for by the estimated quantity of cholesterol in 
the food. The same investigators,^ from determinations of the 
coprosterol content of stools from an adult sul^jcct who receiAmd 
several high protein- and fat-containing diets, are inclined to 
regard the cholesterol intake as equivalent to the coprosterol 
excretion. In these ^H^alance’’ experiments the coprosterol was 
obtained from the non-saponifiable fraction of stool extracts by 
crystallizing it out several times in diluted alcohol. Coprosterol 
forms crystals sluggishly and it is not easy to bo sure that a 
quantitative yield has been obtained. It is permissible to doubt 
whether all the coprosterol present in stool samples can in this 
way be collected for weighing. Moreover, the cholesterol con¬ 
tent of the diets used by Ellis and Gardner was not directly 
determined, but was estimated from leather scant existing data. 
The balance which they found in favor of cholesterol intake 
cannot, therefore, be regarded as more than roughly indicated. 

Dezani^ has reported that white mice fed on extracted diets 
over a period of several weeks not only do not lose cholesterol 
but actually add considerably to their cholesterol content. Anal¬ 
yses of six controls at the beginning of the exixniment gave an 
average cholesterol content of 0.158 gm., wln^reas the average 
amount of cholesterol found in sixteen mice after 3 weeks on 
various extracted diets was 0.242 gm. The author concludes 

^ Gardner, J. A., and Lander, P. E,, Proc* Roy, Soc. London, Sene.^ B, 
1913-14, ixxxvii, 229. 

® Ellis, G. W., and Gardner, J. A., Proc. Roy, Soc, London, Series B, 
1909, Ixxxi, 505. 

® Ellis, G. W., and Gardner, J. A., Proc. Roy, Soc. London, Series B, 
1912-13, Ixxxvi, 13. 

^ Dezani, S., Arch, farm., 1914, xvii, 4. 
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from the result that growing white mice readity synthesize cho¬ 
lesterol. If the assumption that the extracted diets were thor¬ 
oughly free of cholesterol and pliytosterols is correctj it is difficult 
to escape this inference. It should be mentioned that none of the 
diets used was adequate for continued growth and maintenance 
of the animals. After 2 weeks they became unhealthy and 
began to lose weight. As evidence that healthy mice regularly 
synthesize cholesterol, the result of this experiment cannot be 
accepted without reservation. The construction of a suitable 
diet for this plan of experiment, i.e. a diet quite free of cholesterol 
and phytosterols, but adequate in all other respects for growth 
and maintenance, presents considerable difficulties and has not 
yet been successfully undertaken. 

In the experiments to be reported in this paper the relation of 
the preformed cholesterol in the food to the total cholesterol 
ineta]:)olism was studied in infants by comparing carefully the 
intake, and excretion of cholesterol. The suggestion to undertake 
this simple balance experiment was obtained from the observa¬ 
tion of Muller^ that cholesterol in the case of infants, or of adults 
on a continued milk diet, is not changed to coprosterol in the 
intestine. This fact and the probability that the methods at 
hand for determining cholesterol in the blood could be success¬ 
fully applied to stool and milk samples seemed to offer oppor¬ 
tunity for an accurate measurement of cholesterol taken in with 
the food and that excretpd in the feces. 

It was assumed that the finding of a regularly positive balance 
in favor of cholesterol intake in the case of normal infants who 
were gaining in weight on usual diets could be taken as evidence 
that the cholesterol of the tissues is probably altogether derived 
from the preformed cholesterol in the food, whereas a regularly 
negative balance under the same conditions would quite definitely 
indicate a synthesis of cholesterol within the organism. 

® Miiller, P,, Z, physioL Cheni., 1900, xxix, 129. 



404 


Cholesterol 


Method of Determining Cholesterol. 

Denis and Minot^ have quite thoroughly studied the choles¬ 
terol content of milk, using the method devised by Bloor^^ for 
determination of cholesterol in the blood. In our hands this 
simple and direct method proved to be unreliable for accurate 
measurement of cholesterol in stool and milk samples. The 
color obtained was usually found to differ so much in quality 
from that of the standard that only an approximate comparison 
was possible. In the case of milk samples so much fat was taken 
out by the hot chloroform as to interfere subsequently with the 
transparency of the reading solution. A preliminary saponifica¬ 
tion and removal of the soaps in order to bring the cholesterol 
in cleaner fashion into the reading solution seemed indicated. 
After considerable experimenting a modification of the Autenreith 
and Fimk^^ method was devised, by means of which the cholesterol 
could be obtained in an entirely satisfactory condition, and with¬ 
out the expenditure of the time and patience required by the 
original method. The alteration consisted in applying Kuraa- 
gawa and Suto’s^^ plan of using diluted alcohol and petroleum 
ether as a means of separating non-saponifiable material from 
soaps. 

The method as applied to milk was carried out as follows. 

10 cc. of milk were digested in a beaker with 20 cc. of 30 per cent KOH 
for 2 hours on a steam bath. The digest, which then amounted in volume 
to about 15 cc., w'as transferred with small rinsings of water to a 100 cc. grad¬ 
uated cylinder. 25 cc. of 95 per cent alcohol and about GO cc. of petroleum 
ether were then added, and the cylinder w'as shaken for 5 minutes. The pe¬ 
troleum ether, which separated quickly and sharply from the diluted alcohol, 
was then blowm over through capillary tubing into a stqiaratory funnel and 
a fresh quantity of petroleum placed in the cylinder. After shaking the 
cylinder again for 5 minutes the ether w-as transferred to the separatory 
funnel. The ether in the separatory funnel was then washed with about 
20 cc. of wmter, transferred to a beaker, and evaporated on the steam bath. 
The dry residue was then dissolved and transferred to a small graduated 
cylinder by means of small portions of hot chloroform. The color was 
developed and the reading made in the colorimeter in the usual wmy. As 


® Denis, W,, and Minot, A. S., J. Biol. C/im., 1918, xxxvi, 59. 
Bloor, W. R., /. Biol. Chem., 1916, xxiv, 227. 

Autenreith, W., and Funk, A., Munch, med, Woch.j 1913, lx, 1243. 
Kumagawxa, M., and Suto, K., Biochem. Z., 1908, viii, 315. 
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tested by adding known amounts of cholesterol to the aqueous digest this 
plan of separating the cholesterol by shaking out twice with diluted alcohol 
and ether was found to give results which are practically theoretical, inas¬ 
much as the small amount of cholesterol left behind cannot be measured bj’' 
the colorimeter. Moreover, the formation of an emulsion which nearly al¬ 
ways interferes with the use of the Autenreith and Funk method for milk 
samples rarely takes place. In determining cholesterol in the stools the 
plan used was to extract a large sample of dried stool with boiling alcohol 
and ether (3:1) for 1 hour, with a reflux condenser, and then to saponify 
an aliquot of the extract. The cleanliness with which the method used 
separates the non-saponifiable material is indicated by the fact that the 
non-saponifiable fraction from stools which is practically altogether choles¬ 
terol (see below) appears on the bottom of the beaker after evaporation of 
the petroleum ether as wide transparent plates exactly resembling the 
crystalline residue obtained by evaporating an ethereal solution of pure 
cholesterol. 


A few comparisons with results obtained by the digitonin 
method of Windaus^^ were made. This method is not easil}^ 
applicable to stool and milk samples. In the case of milk, 25 
gm. of ]\Ierrell-Soule whole milk powder were first extracted with 
alcohol and ether. The extract was then saponified with sodium 
ethylate, dried with a quantity of sodium chloride, and extracted 
with ether in a Soxhlet.^^ After the ether had been evaporated, the 
residue was taken up in alcohol and the cholesterol precipitated 
with digitonin. A single determination carried out in this way 
gave a measurement of 0.78 mg. of cholesterol per gm. of dried 
milk. As determined by the colorimetric method the cholesterol 
content was 0.80 mg. per gm. The cholesterol content of two 
samples of dried stools measured by the digitonin method was 
19.3 and 9.1 mg. per gm. as compared with 19.9 and 10.0 mg. 
per gm. by the colorimetric method. Taking into consideration 
the amount of preliminary manipulation which is necessary to 
prepare the samples for the digitonin method an agreement 
between the two methods within 10 per cent may be regarded as 
fairly satisfactory. A more thorough comparison of results 
obtained by the two methods was not possible because of lack of 
digitonin. 


Windaus, A., Z. physiol, Chem,, 1910, Ixv, 110. 
Ritter, E., Z, physiol, Chem,y 1901-02, xxxiv, 430. 
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Subjects and Plan of Experiments, 

Tlie subjects used were four infants taken from the hospital 
wards several weeks after admission for correction of nutritional 
disturbances^ and at a time when they were gaining steadily and 
satisfactorily in weight. 

They were comfortably immobilized on a metabolism frame for 
a period of 3 days. The cholesterol contained in the milk taken 
and in the stools passed during the period was determined by the 
method described above. 

In order to obtain a stool collection corresponding as closely as 
possible to the food intake, a small amount of charcoal was 
placed in the first and in the last feeding of the experimental 
period. The food given was a milk or milk modification on 
which the infant had gained steadily during a fore period of 
from 3 to 10 days. The quantity of cholesterol present in the 
food was not less than is contained in the modifications of milk 
which are usually given to normal infants at ages corresponding 
to those of the subjects used for these experiments. In all except 
one instance the infants continued to gain during the experi¬ 
mental period. The food was always well taken and without 
evidence of disturbed gastrointestinal function, except that in the 
instance of Subject R while receiving whole milk there was quite 
marked constipation. The stools from the other infants were 
normal in character and frequency. It must be said that the 
body weights of all the subjects of this experiment were much 
below the average which obtains for healthy infants of corre¬ 
sponding ages. The extent to which they fall short of this meas¬ 
ure of a normal state of nutrition is indicated in the tables. The 
assumption that at the time of experiment their nutritional pro¬ 
cess was proceeding normally is based on the fact that they were 
gaining gradually in weight without discernible symptoms of 
nutritional disturbance. It must be admitted that this premise 
cannot be used without reservation. 

Results of Experiments, 

In order to test the statement of Muller that cholesterol is 
excreted unchanged in infants^ stools, a quantity of non-saponi* 
fiable material sufficiently large for weighing was obtained from' 
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each of the stool specimens by the method described above^ 
except that in this case a large sample of the alcohol-ether extract 
was taken and after saponification the non-saponifiable material 
shaken out with appropriately large volumes of diluted alcohol and 
petroleum ether. But a single extraction with petroleum ether 
was made as a quantitative separation w^as not attempted. The 
petroleum ether was w^ashed several times with distilled water, 
then evaporated, and the weight of the residue determined. 
The residue was then dissolved in chloroform and its cholesterol 
content measured colorimetrically. By this procedure it was 
found that the cholesterol in the stools from all the experimental 
periods was approximately equivalent to the total non-saponifi- 
able material present (Table I). Apparently neither coprosteroi 


TABLE I. 


Subject. 

Samples of non-saponifiable 
material. 

Cholesterol content determined 
colorimetrically. 


mg. 

mg. 

O’D. 

10.7 

11.5 

S. 

12.3 

13.0 

K. 

11,6 1 

10,8 

C. 1 

10,2 : 

9.8 

C. 2 

14.0 

13.1 


nor other non-saponifiable substance w^as present in appreciable 
amounts in these stools. In two instances the melting point of 
the non-saponifiable material Avas compared with that of pure 
cholesterol and was found to bo the same (147~14S°C,). The 
melting point for coprosteroi is gh^en as This result 

indicates that in all probability the cholesterol content of infants’ 
stools is equivalent to the total cholesterol excretion. 

The relation of cholesterol intake to cholesterol excretion is 
shown in Table 11. It Avill be seen that in all the experimental 
periods more cholesterol is found in the stools than was con¬ 
tained in the food. Moreover, the discrepancy is large, the 
excretion of cholesterol being 1.7 to 3.4 times the intake. 
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TABLE II. 


Sub¬ 

ject. 

Age. 

Weight. 

Aver¬ 

age 

normal 

weight. 

Food per day. 

Gain in 
weight 
per day 
during 
experi¬ 
mental 
period. 

Choles¬ 
terol in 
food 
per day. 

Choles¬ 
terol in 
stools 
per day. 

Ratio 
choles¬ 
terol ex¬ 
cretion : 
choles¬ 
terol 
intake. 


mos. 

hg. 

hg. 


gm. 

gm. 

gm. 


O’D. 

3 

4.1 

5.7 

360 cc. milk. 

360 “ barley water. 

70 

0.050 

0.114 

2.3 





36 gm. cane sugar. 





s. 

4 

5.1 

6.3 

540 cc. milk. 

360 “ water. 

25 

0.072 

0.212 

2.9 





45 gm. cane sugar. 





C. 1 

4i 

4.9 

6.6 

675 cc. woman’s milk. 

20 

0.107 

0.177 

1.7 

C. 2 

5 

4.9 

6.8 

540 cc. milk. 

360 water. 

0^' 

0.070 

0.125 

1.8 





45 gm. cane sugar. 





R. 

19 

6.2 

10.9 

1,200 cc. whole milk. 

10 

0.125 

0.424 

3.4 


* Weight stationary. 


DISCUSSION. 

The fact that cholesterol excretion was found to be regularly 
greater than cholesterol intake in the case of several infants who 
were gaming in weight and receiving a usual amount of choles¬ 
terol in their food can be interpreted as evidence that cholesterol 
is to some extent synthesized within the organism. The large 
discrepancy between intake and excretion lends strength to this 
inference. The necessary premise that the subjects of these 
experiments were in an altogether normal state of nutrition 
unfortunately cannot be warranted, as they all were at the time 
convalescing from more or less serious nutritional disturbances. 
It msij be said; however, that subjects O^D and S were as appar¬ 
ently vigorous and healthy infants as can usually be founcl in 
hospital wards. If cholesterol metabolism is entirely dependent 
on an intake of preformed cholesterol in the food, it is very diffi¬ 
cult to understand how the subjects of these experiments man¬ 
aged to gain in weight and present no symptoms of disturbed 
nutritional processes while exhibiting a large negative cholesterol 
balance. 
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The value of the results of these experiments and of any infer¬ 
ence which can be drawn from them depends largely on the 
degree of accuracy with which the cholesterol content of the 
milk samples was measured. Milk contains about one-tenth as 
much cholesterol as blood and a relatively very large amount of 
fat. It was in our experience not possible to make an accurate 
colorimetric measurement of the cholesterol without first separat¬ 
ing it from the milk fat. We believe that a closely quantitative 
separation is obtained by the method described. Analyses of ten 
samples of cow's milk by this method gave an average result of 
13.0 mg. per 100 cc., the figures ranging from 9.8 to 15.5 mg, per 
100 cc. Denis and Minot using Bloor's method found an average 
value of 14.5 mg. per 100 cc. In the fifteen samples analyzed 
the cholesterol content was between 10.5 and 17.6 mg, per 100 cc. 
Apparently Bloor's direct method applied to milk will usually 
give a value for cholesterol content which is 10 to 30 per cent 
higher than would be obtained by the saponification method 
used in these experiments. The discrepancy found between the 
intake and excretion of cholesterol by these infants was, however, 
so large that, even if it is assumed that Bloor's method measures 
the cholesterol content correctly and the method used is debited 
with a minus error of 30 per cent, the fact of a large negative 
balance w^ould not be altered. 

SXJMMAHY AND CONCLUSIONS. 

Analyses of the non-saponifiable fraction of infants' stools 
confirms the observation of Muller that cholesterol is excreted in 
infants' stools without undergoing to appreciable extent change 
to coprosteroL 

Making use of this fact we determined the cholesterol intake 
and excretion of four infants over periods of 3 days. The sub¬ 
jects used were gaining in weight and were receiving a usual 
amount of cholesterol in their food. In all the experimental 
periods a much larger excretion than intake was found, the 
quantity of cholesterol in the stools being 1.7 to 3.4 times that 
which was present in the food. This result is interpreted as 
indicating a synthesis of cholesterol within the organism. 

A method for determining cholesterol in milk and stool samples 
is described. 




DEGREE OF ALKALINITY NECESSARY FOR THE 
PHLOROGLUCIN TEST FOR FORMALDEHYDE. 

By PAUL J. HANZLIK. 

{From the Pharmacological Laboratory, School of Medicine, We&tern Reserve 
University, Cleveland,) 

(Received for publication, May 25, 1920.) 

The successful use of phloroglucin as a reagent for the detection 
of free formaldeh^^de depends on the recognition of two impor¬ 
tant factors; namely, purity of the reagent and degree of alkalin¬ 
ity. As to purity, the white crystalline variety (Merck’s reagent) 
of phloroglucin only should be used and not the brown amorphous 
variety, which greatly modifies the characteristic red color with 
formaldehyde. 

The degree of alkalinity necessaiy for a positive reaction with 
formaldehyde will be appreciated from the following observations 
which were made with ordinary buffer mixtures of primary and 
secondary phosphates, sodium bicarbonate, sodium carbonate, 
and sodium hydroxide of known hydrogen ion concentrations. 
0.5 cc. of 1 per cent phloroglucin in alcohol was added to 10 cc. 
of the solutions representing the different degrees of alkalinity 
and containing 1:10,000 parts of absolute formaldehyde in one 
set of experiments and 1:100 parts of formaldehyde in another 
set. The results with the two different concentrations of for¬ 
maldehyde were identical and are summarized in Table I. 

From this it is seen that the degree of alkalinity necessary for 
a minimal positive formaldehyde reaction is rather high, namely 
pH 12.13, or the equivalent of the alkalinity of about 0.01 n 
solution of sodium hydroxide, or about 0.04 per cent. An op¬ 
timal positive reaction requires 0.1 n hydroxide or carbonate 
(pH of about 13.0). The reaction cannot occur in solutions of 
bicarbonate since this salt cannot provide a high enough degree 
of alkalinity. Ammonia water and very weak solutions of so¬ 
dium hydroxide also are inadequate. Lack of attention to this 
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detail, the proper degree of akalinity, probably explains the 
unsuccessful use of the reagent in studies on formaldehyde libera¬ 
tion from iiexametliylenetetramine by some investigators. The 
practice of using the phloroglucin in alcoholic solution followed 
by the haphazard addition of alkali is unsatisfactory because 
under these conditions the proper adjustment of the degree of 
alkalinity may be easily overlooked.' Mere bluing of red litmus 
paper may not be sufficient. More reliable results are obtained 
by the use of a reagent, consisting of 1 per cent phloroglucin in 
10 to 20 per cent sodium hydroxide. This keeps almost indefi¬ 
nitely and insures the required degree of alkalinity for all ordi¬ 
nary purposes, including the application of the reagent for the 
detection of formaldehyde in urines and other body fluids, except 
bile and blood, containing hexamethylenetetramine. 


TABLE I. 


Solution used. 

Degree of alkalinity. 

Formaldohyde reaction. 

0.1 N NaHCOs. 

pH 

About 8.2. 

Negative (yellow color). 

Phosphate mixture. 

8.4 

it it i( 

0.001 N NaOH. 

12.12 

“ (yellowish color). 

0.01 N NaOH. 

12.13 

Positive (reddish). 

0.1 N NaOH. 

13.07 

(deep red). 

0.1 N Na^COs. 

About 13.00. 

it ii it 

1 N NaOH. 

14.05 

a a it 


Trendelenburg^ makes use of a reagent containing 1 per cent 
phloroglucin in 33 per cent sodium hydroxide. The violet color 
which the reagent assumes if made with weaker alkali, according 
to him, does not occur under these conditions. After several 
years experience -with the reagent containing 10 to 20 per cent 
alkali, I have found that the violet color, which develops while 
the phloroglucin is undergoing solution in the hydroxide, dis¬ 
appears on standing, leaving the reagent almost colorless, or at 
most yellowish. Furthermore, the violet color does not at all 
interfere with the development of the positive formaldehyde 
reaction even in extremely weak and quantitative solutions, 
since this depends on a brilliant red color in high and orange 
reddish in weak concentrations. 

^ Trendelenburg, P., Biochem. Z,, 1919, xcy, 146. 
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In fact the gradations between the colors obtained with dif- 

ferent concentrations of formaldehyde are fine enough for quan¬ 
titative purposes. Such a method with the use of an artificial 
standard has been previously described by Collins and Hanzlik^^ 
The same method can be used for the quantitative estimation 
of hexamethylentetramine. 

CONCLTJSIOlSrS. 

The phloroglucin test for free formaldehyde requires a rather 
high degree of alkalinity, i.e. pH 12.13, or the equivalent of the 
alkalinity of a 0.01 n sodium hydroxide solution, or about 0.04 
per cent, for a minimal positive reaction, and 0.1 n hydroxide or 
carbonate for an optimal reaction (pH 13.0). The neglect of this 
important factor, and also the use of impure phloroglucin, may 
explain the unsuccessful use of the reagent by some. Used 
properly this is probably the most sensitive reagent for free’ 
formaldehyde known. . • 

“ Collins, R. J., and Hanzlik, P. J., J. Biol. Chem., 1916, xxv, 231. 




EXPERIMENTS ON CARBOHYDRATE METABOLISM 
AND DIABETES. 

I. INTRAVEWOtJS GLUCOSE TOLERANCE OF DOGS. 

By FREDERICK M. ALLEN and MARY B. WISHART. 

{From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 24, 1920.) 

The present paper forms one of a series concerning the internal 
pancreatic function. Experiments dealing with quantitative re¬ 
lations between this function and the body mass and metabolism 
have already been in part presented elsewhere^ The series in 
this Journal will concern the nature of the pancreatic function 
and its role in metabolism. This series is fragmentary. The 
study was begun in the early period of the diabetic work at The 
Rockefeller Institute, as an attempt either to establish or dis¬ 
prove certain conceptions of normal and diabetic metabolism 
which had grown out of the previous investigation at the Har¬ 
vard Medical School. Events compelled dropping this under¬ 
taking, and only a few experiments were wwked in subsequently 
as time permitted. The portion completed may serve to clear 
the ground a little and reveal the scope and purpose of the original 
plan. 

The present paper deals with the assimilation of intravenously 
injected glucose by dogs. Merck’s anhydrous glucose was used 
throughout, and the concentration of solutions determined by 
simple weighing. Analyses for sugar in blood or plasma were 
performed by the original Lewis-Benedict- method, and those for 
urinary sugar by titration with Benedict’s copper solution. Ex¬ 
cept when otherwise stated, the dogs were on a diet of bread and 
soup ad libittim, and experiments were begun 20 to 24 hours after 

^ Allen, F. M., J, Exp, Med.^ 1920, xxxi., Experimental studies on 
diabetes, Series I, 363, 381, 555, 575, 5S7; xxxii. Series II (in press). 

^ Lewis, B. C., and Benedict, S. E.., J. BioL Chem,^ 1915, xx, 61. 
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the last feeding. The method of injection requires special men¬ 
tion. 

Interrupted injections were used, essentially according to the 
method of Bliimenthal,^ for tw^o reasons; first, the experiments 
were mostly performed before Woodyatt had devised his excel¬ 
lent apparatus for uniform continuous infusions; second, one im-^ 
portant purpose of the test w'as the comparison of the normal 
assimilation with that attained during exercise, and an interrupted 
method seemed indispensable for this purpose. Obviously, when 
short injections are given 15 or 20 minutes apart, there is a sud¬ 
den flood of h^qoerglycemia, followed by a gradual decline to the 
time of the next injection. The excess passes rapidly into the 
tissues, and there is a certain basis for Bliimenthars conception 
of a ^‘saturation limitof the organism, in that it will hold a cer¬ 
tain quantity of sugar like a sponge, and with identical dosage 
the assimilation is practically the same whether the injections are 
given continuously or at short intervals. It is true that Wilder 
and Sansum^ criticized the irregularities of tolerance found in 
rabbits by different workers with the Blumenthal method, but 
there is no evidence that these irregularities were due to any¬ 
thing else than the failure of the earlier workers to take the pre¬ 
cautions against fright, pain, and shock concerning which Wood¬ 
yatt and his collaborators were so careful, and Woodyatt*^ recog¬ 
nizes that the results with his method and the Blumenthal method 
are essentially the same. At any rate, the plan of delivering 
fixed doses of glucose into a vein and allowing fixed intervals for 
its disposal is one valid method of testing the assimilative power. 
A few experiments with continuous infusion were also performed 
as controls. 

The detailed procedure was as follows. The dogs used were 
sturdy, phlegmatic animals, thoroughly accustomed to the labora¬ 
tory and to staying on the table without jumping down, and with 
all fear or nervousness lost through previous experience. The 
dietary tolerance of the diabetic ones was accurately known from 
long observations. An hour or so before the experiment, an area 
of the neck was shaved, if necessary, and a short portion of an 

3 Blumenthal, F., Beitr, ckem. Physiol, u. Path.j 1905, vi, 329. 

^ Wilder, R. M., and Sansum, W. D., Arch. Int. Med.^ 1917, xix, 311-334. 

® Woodyatt, R, T., The Harvey Lecturesj 1915-16, xi, 326. 
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external jugular vein exposed, with local anesthesia. The essen¬ 
tial point is to clean a tiny portion of vein wall of every trace of 
fascia. The skin falls together so that the uncovered area is kept 
naturally moist. The dog is not tied or confined at any stage of 
the experiment. At the time for beginning, an assistant raises 
the dog^s head. The operator takes a Luer syringe containing a 
few crystals of potassium oxalate and equipped with a needle, of 
No. 21 or 22 size and f inch length. He draws blood into the 
syringe, then detaches the needle without removing it from the 
vein, and immediately attaches another syringe previously filled 
with the solution at proper temperature and makes the injection 
at a convenient rate, requiring perhaps 2 to 4 minutes according 
to the dose. There is no bleeding when the needle is withdrawn. 
The dog sits or lies quietly without restraint, generally dozing, 
till the time of the next injection. The needle is then inserted 
through the same hole in the vein wall as before, the blood sample 
drawn, and the injection made as before. The same hole in the 
vein is generally used throughout the whole experiment. The 
blood sugar values thus obtained are a minimum, because taken 
at the end of the interval. A few analyses have been made im¬ 
mediately after injection. In some experiments blood samples 
were taken only hourly. The method serves satisfactorily for 
comparisons of assimilation, but affords no exact reckoning of 
relations between the sugar levels in blood and urine. 

Continuous injections were given through a small cannula tied 
into an external saphenous vein, while blood samples were taken 
from the external jugular. Here also the dogs were merely 
watched and not confined; they mostly dozed without noticing 
the cannula, but were free to rise and stretch as suited their com¬ 
fort, The glucose solution was merely run in from a burette 
jfixed at a suitable height. This generally held the quantity to 
be given in 15 minutes, and it was one person's duty to keep the 
flow uniform and in particular to make sure that one-third of the 
quantity was delivered every 5 minutes. 

With both kinds of injections, the dogs were catheterized hourly 
or sometimes at shorter intervals. Permanent catheterization was 
not used. The glucose solutions were made up in distilled water 
except when saline is specified. 
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REMARKS AND CONCLUSIONS. 

1, Agreement of Results, —As shown in Table XXXII^ the re¬ 
sults in normal dogs agree satisfactorily both among themselves 
and with Woodyatt's findings. Giving 1.8 to 2 gm. per kilo per 
hour, Sansum and Woodyatt® found ordinarily about 2 per cent 
of the dose excreted, with variations between individual animals 
reaching as high as 10 per cent of the dose in one animal. A sim¬ 
ilar close agreement is seen here between the dogs receiving 1.5 
gm. per kilo per hour. Also in harmony with Wood 3 mtt, the 
dosage of 1 gm. per kilo per hour is found to be slightly above the 
tolerance, with the single exception shown in Table IV, Period A. 
Variations in the concentration have, as shown by Woodyatt, no 
perceptible effect upon the assimilation. Even the different modes 
of administration, whether continuously or in four, three, or even 
two injections per hour, are apparently of minor importance, 
though this is not certain, and it is desirable that comparisons 
should be based upon the same method, as has been done in this 
series. 

2, Demonstration of Alterations of Tolerance, —(A) A reduc¬ 
tion of tolerance, as established by Wilder and Sansum'^ in hu¬ 
man patients, is demonstrable in a broad sense in diabetic ani¬ 
mals. Tables XXXII and XXXIII show that in general the 
excretion of sugar in partially depancreatized dogs is greater than 
that in normal dogs, and that this excretion increases with the 
severity of the diabetes. x41so Tables XXIX, XXX, and XXXI 
show increase of the sugar excretion with aggravation of the 
diabetes in the same animal, and the latter two were thus us(m:F to 
demonstrate the dowmvard progress of dial)etes on excessive diets 
of either carbohydrate or protein even in absence of glycosuria. 

(B) This general rule is subject to Yexj marked exceptions. 
K mildly diabetic animal (Table XX) remained free from gly¬ 
cosuria with dosage of 1 gm. of glucose per kilo per hour, the 
tolerance thus apparently surpassing that of normal animals. 
The difference between Periods A and E in Table XVII evidently 
indicates aggravation of the diabetes during the experimental 
period, but even at the close the diabetes was still very mild, so 

® Sansum, W. D., and Woodyatt, R. T., J. Biol. Chem., 1917, xxx, 155”173. 

^ Allen, F. M., J. Exp. Med,, 1920, xxxi, 567, 569. 
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that the dog was able to live on bread without gtycosuria. Yet 
the excretion of 37 per cent of the dose by this animal w-as higher 
than that of any of the other dogs of the series, some of wdiicli 
W'Cre so severely diabetic that they w^ere kept alive onty on low 
protein-fat diets and ■would have gone into a hopeless condition 
if this tolerance had been overstepped for only a few days. The 
dog in Table XXVIII had one of the severest grades of diabetes 
in the series, which -was thoroughly controlled by diet and re¬ 
duction of weight. It w’'as proper that the test should show the 
benefit of such thoroughness, but not that the assimilation should 
appear superior to that of the two non-diabetic dogs (Tables 
XV and XVI) and of nearly all the mildly diabetic ones. Other 
comparisons between diabetic dogs in Table XXXIII show^ that 
the sugar excretion is seldom an accurate measure of the degree 
of diabetes as knowm from the food tolerance and general clinical 
condition. The same applies to the gi'adations of assimilation 
in conditions short of diabetes. Thus the excretion is practically 
identical in Tables 11 and XV, though one animal w^as normal 
and the other "was depancreatized to an extent involving a very 
great lo'^’'ering of tolerance as demonstrable by alimentary and 
subcutaneous tests.^ The animal in Table XVI, which wxas very 
close to diabetes, excreted a bare trifle more glucose than the 
normal dog in Table VI and actually less than that in Table VIII. 
Tests of assimilation based upon the rate of excretion in compari¬ 
son wuth the rate of intravenous injection of glucose are there¬ 
fore subject to wude errors. 

(C) Determinations of the concentration of sugar in the blood 
are necessary for the correct interpretation of such experiments. 

(a) This is the only means by which the important factor of 
the renal function can be judged. The latter is the outstanding 
cause of the apparent irregularities of tolerance in these experi¬ 
ments. The normal dog in Table IV showed no more than a 
doubtful reaction in the urine when the blood sugar in Period A 
wms found as high as 0.173 per cent. It is self-evident that these 
analyses taken just before injections represent minimal values. 
.This fact has occasionally been demonstrated bj^ taking samples 
from the opposite jugular or a femoral vein as quickly as possible 
after finishing an injection; for example, a value of 0.457 per cent 
was thus found in Table III, and one of 0.770 per cent in the 
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diabetic dog in Table XXX, and 0.294 per cent about 2 minutes 
after an injection in Table XIX, Period A. This flood of sugar 
rapidly passes from the blood into the tissues, as already men¬ 
tioned. It is obvious that the normal dog in Table IV had an 
exceptionally high renal threshold for sugar in Period A, espec¬ 
ially as the temporary excess of sugar was necessarily greater 
with only Wo injections per hour; also in Period B the sugar elim¬ 
ination was relatively small compared with the hyperglycemia. 
This renal impermeability will readily explain the exceptionally 
high tolerance. The mildly diabetic dog in Table XVII had an 
exceptionally active excretory function for sugar. After dis¬ 
continuance of injections in Period A, this dog had glycosuria 
with plasma sugar concentrations from 0.084 to 0.116 per cent; 
and in this and the other experiments the quantity of sugar ex¬ 
creted was high in comparison with the hyperglycemia. With 
increasing severity of diabetes, the dogs were kept on protein-fat 
diets, and accordingly showed uniformly high renal thresholds.^ 
Thus, after discontinuance of injections, in Table XXVII there 
was a negative sugar reaction in the final urine sample with the 
plasma sugar 0.208 to 0.226 per cent. In Table XXX, Period 
A was performed while the dog was aglycosiiric on bread diet, and 
there was faint glycosuria at the close with plasma sugar about 
0.130 per cent; Period B was performed (November 19) after a 
change to protein-fat diet had become necessary on October 10, 
and at the close there was faint glycosuria while the plasma 
sugar was falling from 0.322 to 0.156 per cent, and none wfliile 
it was falling from Q.156 to 0.147 per cent; Period C was per¬ 
formed after continuance of protein-fat diet to the following 
February, and in the final period there was faint glycosuria while 
the plasma sugar was falling from 0.294 to 0.170 per cent. Dog 
D4-69 (Table XXXI) ^vas an animal with one kidney, which at 
different times showed plasma sugar of 0.256 to 0.264 per cent 
without glycosuria. Also in these animals the quantitative sugar 
excretion was generally low in comparison with the hyperglycemia. 
The writer previously® suggested fallacies in the apparent exact- 

® Data will be presented in Paper II of this series. Allen, P. M., 
/. BioL Chem.j 1920, xliii (in press). 

® Allen, F. M., Studies concerning glycosuria and diabetes, Cambridge, 
1913, 53, 54. 
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ness of intravenous tolerance tests^ particularly the abnormal 
prominence of the factor of renal permeability in them. Wood- 
yatt and his collaborators have adopted the rate of utilization 
as a standard, and have striven to avoid the errors of BliimenthaFs 
saturation limit,” but their publications contain no records of 
tests upon nephritics or others with elevated renal thresholds. 

(b) The lowered tolerance of the animals which were diabetic 
or near to diabetes was invariably manifest in their greater hyper¬ 
glycemia. ULree types of plasma sugar curves may be distin¬ 
guished in the longer injections. First, the normal curve seems 
to be a plateau which is maintained with only accidental irregu¬ 
larities for as long as 10 hours, as in Table III. A greater num¬ 
ber of experiments would have been desirable to establish this as 
a general rule and exclude exceptions, such as a possible falling 
tendency of the curve indicating improved utilization due to 
some reaction of the pancreas or general organism; but Wood- 
yatt^s experience that glycosuria rises for the first few hours and 
then maintains a constant level is opposed to any such reaction 
of improved utilization. Second, it was noticed^ that at certain 
stages of partial pancreatectomy or diabetes there is some kind 
of reaction which increases the apparent tolerance for glucose 
given by stomach or subcutaneously, and the microscopic studies 
also prove that the pancreatic islands can be driven to overfunc¬ 
tion by carbohydrate excess. Occasional animals in-the proper 
stage of mild diabetes showed such a reaction in the intravenous 
tests; e.g., in Table XX a plasma sugar plateau of about 0.2 per 
cent was maintained over 2 hours, and then fell to 0.128 and 0.112 
per cent; and in the longer experiment of Table XXX, Period A, 
this was more marked, for the plasma sugar which rose as high 
as 0.715 per cent at the close of the 2nd hour declined grad¬ 
ually to 0.125 per cent at the end of the 8th hour. Sometimes 
the reaction seems to break under longer strain, so that a transi¬ 
tory fall of plasma sugar concentration is followed by a secondary 
rise, as in Table XV, Period A. These declines were not explain¬ 
able by changes of sugar excretion. Thii’d, this power of the 
pancreas remnant to react to carbohydrate excess is lost in the more 
severe stages of diabetes. The progress of this loss is seen in 
Periods B and C of Table XXX; and the other animals with the 
more severe grades of diabetes show merely an excessive hyper¬ 
glycemia with no tendency to decline. 
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{c) The combined consideration of the glycosuria and the 
blood sugar concentration makes the intravenous method suf¬ 
ficiently accurate for practical tests of tolerance^ and it holds a 
position of special usefulness in excluding irregularities of absorp¬ 
tion, notably in such conditions as thyroid and pituitary deficiency. 
Outside of such special conditions, other factors seem to predominate 
over anj^ possible irregularities of absorption, and it is doubtful if 
the intravenous method can show the finer gradations of tolerance 
such as are revealed by the alimentary or subciitai^ous adminis¬ 
tration of glucose. Any lowering of assimilation demonstrable by 
the intravenous method in this series was fully obvious in feeding 
tests. On the other hand, Table XVI shows a dubious outcome 
of the intravenous test in an animal which was very close to 
diabetes; and in Table XV the test is still more doubtful in an 
animal possessing only to I of the pancreas, in which the 
results of alimentary or subcutaneous tests are usually plain. 
It is iinfortimate that further tests could not be performed upon 
animals possessing larger fractions of pancreas. The reasons for 
the differences between the different modes of administration 
will receive fuller discussion at the close of this series of papers. 

S, Water Balance, — A. Body temperature ,—A slight elevation 
of rectal temperature was the rule in the experiments, as shown 
in Table IV and incidental observations in Tables XIII, XV, and 
XVII, The dogs were comfortable and refused offered water, 
with the single exception in Table XX. Any serious desiccation 
is therefore excluded. 

B. Ilydreniia ,—Hemoglobin estimations by the Fleischl-Mies- 
chor method -were performed in three noiinal (Tal;)les II, IV, and 
XIV) and seven partially depancreatized dogs (Tallies XV to 
XIX, XXVII, and XXVIII). Borne of the dogs were anemic 
from cage life and repeated bleeding experiments, but not to 
any degree apparently invalidating the experimental results. A 
fall in hemoglobin during the injection period was the rule, some¬ 
times with a return to the original level at the close and some¬ 
times not. One exception was seen in the rise of hemoglobin 
in the diabetic dog in Table XXVIII, Period B. There wms no uni¬ 
form relation with the plasma sugar level and no special differ¬ 
ence between diabetic and non-diabetic animals. This behavior 
of the hemoglobin is to be expected \vhen the blood is diluted by 
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injection of an aqueous solution, and the determinations serve 
chiefly to prove that the variations in plasma sugar were not eX“ 
plainable by dilution or concentration of the blood. The plasma 
bicarbonate concentration fell during the injection period in 
Table XV, Period C, though the fat absorption is a possible 
factor here; but in Table IV, Period A, it actually rose. 

C. Diuresis ,—The urine w^as regularly less than the quantity 
of solution injected, and there was more or less antidiiiretic action 
of glucose, in the sense of retention of water in the blood or in 
the body, in both normal and diabetic animals. On the other 
hand, in one diabetic animal (Table XXVII) a comparison was 
made between 0.9 per cent saline and 5 per cent glucose in 0.9 
per cent saline. Here the hydremia was less and the urine vol¬ 
ume greater with the glucose solution, so that in this sense glucose 
was a diuretic. 

In relation to all the above observations, notice should be taken 
of one fact to avoid confusion in interpretation. Even in severe 
diabetes, if the tolerance has been conserved so that the greater 
part of a single dose of sugar is assimilated in a manner approach¬ 
ing the normal, the behavior in other particulars, such as diuresis, 
should likewise resemble the normal. The similarity of behavior 
of the diabetic and non-diabetic animals in this series conforms 
to this expectation. 

4, Influence of Protein and Fat Feeding .—In connection with 
the question whether the endocrine pancreatic function is directly 
and primarily concerned with carbohydrate metabolism alone or 
also with protein and fat metabolism, it was desired to perform 
comparative assimilation tests in fasting and fed animals. Later 
papers in this Journal will corroborate existing evidence that fat 
feeding causes no immediate glycosuria or hyperglycemia; but in 
the more severe stages of diabetes protein feeding causes prompt 
and marked elevations of blood sugar. The greatest importance 
would therefore be attached to any positive results in normal and 
mildly diabetic animals, in which protein alone causes no hyper¬ 
glycemia. In a previous experience^® feeding tests had shown no 
important differences of tolerance for starchy foods alone or with 
protein, but a control with intravenous glucose tests w^as desired 

Allen, F. M., J, Exp, Med.^ 1920, xxxi, 401. 
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I dhle alterations of absorption. The normal dog 
i IS given identical intravenous glucose injections^ 

- Lg and Period B 5 hours after feeding 500 gm. of 
‘ e glyooBurli. w^s pmetimBy identical in the two 
, the hyperglycemia was slightly greater in the fast-, 
especially in the early part of the test (probably 
tion of 'duinger glycosuria^')* The partially de- 
' en-diabetic dog in Table XV was similarly tested 
rotein, and after fat feeding. Here also the plasma 
j its highest concentration of 0.208 per cent at the 
I hour in the fasting period. Otherwise the plasma 
id not differ appreciably and the glycosuria was 
: ntical. The mildly diabetic dog in Table XVH 
, : in Period A fasting; then Period B with lard feed- 
I stinctly higher hyperglycemia and glycosuria; then 
: control feeding of clay (swallowed readily in the 
iolded balls placed in the throat) showed an equal 
j, but less glycosuria; then Period D with lard feed- 
t; higher hyperglycemia than before; finally Period 
i n feeding showed the highest hyperglycemia of alL 
'3 prevented a final fasting test, but the record prob- 
merely a gradual aggravation of the diabetes and 
aided as proof of an influence of fat or protein feed- 
; sugar assimilation. It may be mentioned inciden- 
.^estion of anything seems sometimes to raise the 
; 1 sugar, as seen in Periods B, C, and E, and the ef- 
irely psychic as shown by the negative effect of tan- 
'eriod E. The mildly diabetic dog in Table XIX 
ore than accidental variations in hyperglycemia and 
hen tested fasting or after protein or fat feeding, 
question was raised by the severely diabetic dog in 
IlII, which was known from other tests“ to be sub- 
ed hyperglycemia from protein feeding alone. Hercj 
^ IS in glycosuria were trivial, and the hyperglycemia 
' in the fasting test (Period A), being slightly lower after 
markedl}^ lower after fat feeding. The vomiting of 
ting by this dog after the close of the injections, of 
log in Table XVII, Period D, and of clear water in 

iM., Am. J. Med. Sc., 1917, cliii, 363, 365. 
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tile fasting period of Table XIV, raises the question whether in¬ 
travenous glucose injections interfere with alimentary absorp¬ 
tion. There was marked milkiness of the plasma in Table XV^ 
Period C, but little or none in the other fat-feeding experiments. 
The experiments at least afford no evidence of a direct partici¬ 
pation of the pancreatic hormone in protein or fat metabolism, 
but their decisiveness is open to question. 


TABLE I. 

Dog F6-18, 

Weight 11 kg. Intravenous glucose injections, 1 gm. per kg. per hr. in 
10 per cent solution (3 injections per hr.). 


Urine. 





Plasma 


Date. 

Tune. 

Vol¬ 

ume. 

Glu¬ 

cose. 

sugar. 

Remarks. 

mr 


cc. 

per cent 

per cent 


Dec. 20 

3.25 p.ni. 

27 

0 

0.086 

3.50 p.m. started injections. 


4.45 “ 

18 

0.56 

0.109 



5.45 “ 

8 

0.77 

0.118 

5.35 p.m. finished injections. 


7.10 

56 

0 

0.112 



8,10 

40 

0 

0.109 

Total solution 


injected.... 220 cc. 

Total glucose 

injected_ 22 gm. 

Total urine ex¬ 
creted .122 cc. 

Total glucose 

excreted_ 0.16 gm. 

Per cent of 

dose. 0.73 per cent. 
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TABLE III. 

Dog Fe-03. 

Weight 20 kg. Intravenous glucose injections, 1 gm. per kg. per hr. in 
20 per cent solution (3 injections per hr.). 


Urine. 


Date. 

Time. 

Vol¬ 

ume. 

Glucose. 

Plasma 

sugar. 

Remarks. 

1917 


cc. 

per cent 

per cent 


Nov. 19 

10.45 a.m. 

70 

0 

0.119 

11.10 a.m. started injections. 


12.05 p.m. 

12 

2.06 

0.149 



1.05 “ 

4 

2.12 

0.185 



2.05 “ 

21 

2.38 

0.172 

Plasma sugar immediately fol- 


.3.05 “ 

15 

0.76 

0.147 

lowing injection 0.457 per 


4.05 

124 

0.35 

0.147 

cent. 


5.05 “ 

65 

0.52 

0.159 



6.05 

77 

0.47 

0.200 



7.05 » 

92 

0.38 

0.175 



8.05 

86 

0.41 

0,164 



9.05 

78 

0.23 

0.196 

8.55 p.m. finished injections. 


10.00 

35 

Faint. 

0.113 



11.00 “ 

39 

0 

0.110 

Total solution 






injected-1,000 cc. 






Total glucose 






injected_ 200 gm. 






Total urine ex¬ 






creted. 648 cc. 






Total glucose 






excreted_ 2.95 gm. 






Per cent of 






dose. L48 per cent. 






Dog C3-i7. 

Weight 15 kg. Normal. Comparative intravenous gluco.se injections of 1 and 1.5 gni. per kg. per hr. (2 injections per hr.). 
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This simultaneous break in the sugar and hemoglobin curves is unexplained. 
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TABLE V. 
Dog F6-S3. 


Weight 12 kg. Intravenous glucose injections, 1.5 gm. kg. per hr. 
in 20 per cent solution (3 injections per hr.). 


Date. 


Urine. 

Plasma 

, Remarks. 


Vol¬ 

ume. 

Glucose. 

sugar. 

1917 

May 22 

4,40 p.m. 

cc. 

20 

per cent 

0 

per cent 

0.093 

Started injections. 

PeriodA. 

5.40 

27 

1.93 

0.088 



' 6.40 

22 

1.37 

0.085 

6.20 p.m. finished injections* 


00 

o o 

32 

15 

Faint. 

Cl 

0.115 

0.114 

Total solution 

June 13 

i 

4.30 p.m. 

41 

0 

1 

0.111 

injected. ISO cc. 

Total glucose 
injected. 36 gin. 

Total urine ex¬ 
creted. 86 cc. 

Total glucose 
excreted_ 0.82 gm. 

Per cent of 
dose. 2.28 per cent. 

Started injections. 

PeriodB. 

5.30 

14 

2.94 

0.170 



6. so “ 

7.30 “ 

12 

14 

2.93 

Faint. 

0.132 

0.128 

7.10 finished injections. 


8.30 “ 

56 

0 

0.110 

i 

Total solution 

injected. 270 cc. 

Total glucose 

injected. 54 gm. 

Total urine ex¬ 
creted. 96 cc. 

Total glucose 
excreted..... 0.76 gm. 

Per cent of 
dose. 1.41 per cent» 












TABLE Vi. 


Dog F6-B4. 

Weight 7.6 kg. Intravenous glucose injections, 1.5 gm. per kg. per hr. 
(3 injections per hr.). 


Urine. 





Plasma 

Ta \ 

Date. 

Time. 

Vol¬ 

ume. 

Glucose. 

sugar. 

xCemarKS. 

mr 


cc. 

per cent 

per cent 


June 12 

4.30 p.m. 

26 

0 

0.149 

Started injections. 


5.30 “ 

14 

3.23 

0.208 



6.30 “ 

17 

3.22 

0.176 

6.10 p.m. finished injections. 


7.30 “ 

32 

Faint. 

0.102 



8.30 “ 

i 20 

0 

0.103 

Total solution 


injected. 114 cc. 

Total glucose 

injected. 22.8 gm. 

Total urine ex¬ 
creted. 83 cc. 

Total glucose 

excreted_ 1.0 gm. 

Per cent of 
dose. 4.40 per cent. 

TABLE VII. 

Dog F6-8S, 


Weight 9 kg. Intravenous glucose injections, 1.5 gm. per kg. per hr. 
(3 injections per hr.). 



Urine. 

Plasma 



Vol¬ 

ume, 

Glucose. 

sugar. 


1917 

cc. 

per cent 

per cent 


May 23 4.20 p.in. 

26 

0 

0.109 

5.40 p.m. started injections. 

6 .40 “ 

52 

3.70 

0.159 


7.40 

58 

2.86 

0.152 


S.40 “ 

124 

2.33 

0.218 

8.20 p.m. fini.shed injections. 

9.40 “ 

, 38 

Faint. 

0.102 


10.40 

' 12 

Very 

0.114 

Total solution 



faint. 


injected. 203 cc. 





Total glucose 





injected. 40.6 gm. 





Total urine ex- 





creted. 284 cc. 





Total glucose 





excreted. 6.47 gm. 





Per cent of 





dose. 1.60 per cent. 
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TABLE 


Bog F6-SJi, 

Weight 9 kg. Intravenous glucose injections, 1 gm. per kg. per hr. 
(3 injections per hr.). 

Plasma 
sugar. 

per cent 

0.086 5.15 p.m. started injections. 

0.175 
0.179 

0.104 7.55 p.m. finished injections. 
0.075 

0.089 Total solution 

injected. 203 cc. 

Total glucose 

injected. 40.5 gm. 

Total urine ex¬ 
creted. 244 cc. 

Total glucose 

excreted. 3.41 gm. 

Per cent of 
dose. 8.40 per cent, 

TABLE IX. 

Bog G7-39. 

Weight 11 kg. Intravenous glucose injections, 1.5 gm. per kg. per hr. 
in 20 per cent solution (3 injections per hr.). 


Urine. 


Date. 

Time. 

Vol¬ 

ume. 

Glucose. 

Plasma 

sugar. 

Remarks. 

1918 


cc. 

per cent 

per cent 


July 10 

1.50 p.m. 

15 

0 

0.118 

Started injections. 


2.50 

10 

2.00 

0.167 



3.50 “ 

5 

2.80 

0.137 



4.50 

148 

0.26 

0.232 

4.35 p.m. finished injections. 


5.50 “ 

44 

Very 

0.085 





faint. 

i 

Total solution 


6.50 

66 

0 

0.131| 

injected. 248 cc. 


Total glucose 
injected- 49.5 gm. 

Total urine ex¬ 
creted. 273 cc. 

Total glucose 
excreted. 0.73 gm. 

Per cent of 
dose. 1.50 per cent. 



Urine. 


Date. 

Time. 

Vol¬ 

ume. 

Glucose. 

1917 


cc. 

1 

per cent 

May 23 

4.35 p.m. 

18 

0 


6.15 “ 

50 

2.63 


7.15 “ 

26 

2.80 


8,15 “ 

90 

1.50 


9.15 

63 

Faint. 


10.15 “ 

25 

Very 


faint. 
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TABLE X. 

Dog F6-31, 

IS kg. Intravenous glucose injections, 1.5 gm. per kg. per Iir„ 
in 20 ])er cent solution (3 injections per hr.). 


Time. 

Urine. 

Plasma 

Remarks. 

Vol¬ 

ume. 

Glucose. 

sugar. 


cc. 

per cent 

per cent 


2.30 p.m. 

5S 

0 

0.135 

Started injections. 

3.30 “ 

62 

0.66 

0.182 


4.30 

106 

0.22 

0.132 


5.30 

SO 

0.28 

0.192 

5.10 p.m. finished injections. 

6.30 

50 

0.59 

0.152 


7.30 “ 

50 

0.12 

0.106 

Total solution 

injected. 405 cc. 

Total glucose 
injected.... 81 gm. 

Total urine ex¬ 
creted. 348 cc. 

Total glucose 
excreted.... 1.22 gm. 

Per cent of 

dose. 1.50 per cent. 


TABLE XL 
Dog G7-69. 


Weight 8 kg. Intravenous glucose injections, 1.5 gm, per kg. i)er hr. in 
20 per cent solution (3 injections per hr.). 




Urine. | 



Date. 

Time. 



Plasma 

Remarks. 

Vol¬ 

ume. 

Glucose. 

sugar. 

19IS 


cc. 

per cent 

per cent 


July 10 

1.55 p.m. 

14 

0 

0J22 

Started injections. 


2.55 “ 

1 23 

: 0.65 

0,122 



3.55 “ 

! 33 

0.48 

0.104 



4.55 ‘‘ 

60 

0.23 

0.156 

4.35 p.m. finished injections. 


5.55 “ 

56 

Very 

0.147 





faint. 


Total solution 

1 

6.55 

20 

0 

0.102 

injected.... 180 cc. 

Total glucose 

injected_ 30 gm. 

Total urine ex¬ 






creted. 192 cc. 






Total glucose 

excreted_ 0.45 gm. 

Per cent of 






dose. 1.28 per cent. 
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TABLE XII. 

Dog F6-SZ. 

Weight 14 kg. Intravenous glucose injections, 1.5 gm. per kg. per hr. 
in 20 per cent solution (3 injections per hr.). 

1 I Urine. I I 


Date. 

Time. 

Vol¬ 

ume. 

Glu¬ 

cose. 

Plasma 

sugar. 

Kemarks. 

ms 


cc. 

per cent 

per cent 


April 5 

2.20 p.m. 

72 

0 

0.120 

Started injections. 


3.20 “ 

46 

0.4S 

0.204 



4.20 “ 

47 

0.28 

0.192 



5.20 “ 

132 

0.40 

0.208 



6.20 “ 

70 

0.28 

0.250 

6.05 p.m. finished injections. 


7.20 

38 

0.23 

0.109 







Total solution 


injected. 420 cc. 

Total glucose 
injected. 84 gm. 

Total urine ex¬ 
creted. 333 cc. 

Total glucose 
excreted_ 1.17 gm. 

Per cent of 
dose. 1.40 per cent. 
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TABLE XIII. 
Dog F6-05. 


Weight 15 kg. Intravenous glucose injections, 1.5 gm. per kg. per hr. 
in 10 per cent solution (4 injections per hr.). 


Date, Time. 

Urine. 

\ ol- Glucose. 

Plasma! 

sugar. 

Remarks. 

1917 

cc. 

per cent j 

per cent 


Dec. 4 10.00 a.m. 

50 

0 

0.109 

Started injections. 

11.00 

148 

Faint. 

O.llS 


12.00 “ 

256 

Slight. 

0.123 


1.00 p.m. 

360 

0.18 

0.143 


2.00 

■ ISO 

0.78 

0.170 


3.00 

132 

0.32 

0.151 

3.20 p.m. temperature 39.6°C. 

4.00 “ 

330 

0.14 

0.104 


5.00 “ 

146 : 

0.19 

0.1041 

6.30 p.m. temperature 39.1 °C. 

6.00 “ 

225 

0.25 

0.105 

6.40 p.m. finished injections. 

7.00 “ 

146 

0.15 

0.119 


8.00 “ 

40 

Very 

0.109 

Total solu¬ 



faint. 


tion in¬ 





jected. 2,027 ce. 





Total glucose 





injected... 202 ,7 gm. 





Total urine 





excreted... 1,963 cc. 





Total glu¬ 





cose ex¬ 





creted. 3.6S gm. 





Per cent of 





dose. 1. SS p er cent. 
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TABLE XIV. 
Dog CSSS. 


Weight IS kg. Normal. Continuous intravenous glucose injection,2 gm. 
per kg. per hr. in 5 per cent solution. 




Urine. 1 





Date. 

Time. 



2 § 
c3 § 

s 




Vol¬ 

ume. 

Glucose. 

2-2 

1 K 

jxemarKs, 

me 


cc. 

per cent 

per 

cent 

per 

cent 



Aug. 4 

2.25 p.m. 

20 

0 

0.114 

1 90 

2.30 p.m. started injection. 


3.30 

S5 

3.00 


77 

Vomited during experiment 


4.30 

00 

2.50 

0.330 

78 

300 cc. of clear fluid, sugar- 


5.30 

320 

0.50 

0.300 

77 

free. 



6.30 

200 

Faint. 



Finished injection. 


7.30 

135 

0 

0.111 


Total solu- 








tion in¬ 
jected... 

2,160 cc. 







Total glu- 



1 





cose in- 








jected... 

108 gm. 







Total 








urine ex- 








creted... 
Total glu- 

850 cc. • 







cose ex- 








creted... 
Per cent of 

6.4 gm. 







dose. 

5.90per cent. 




TABLE XV. 
Dog CS-88. 


Weight 10 kg. Non-diabetic; i to ^ of pancreas present.* Intravenous 
glucose iiijectioiis, 1 gm. per kg. per hr. in 20 per cent solution (3 
injections per hr.). 




Urine. j 


6 



Date. 

Time, 






Remarks. 








Vol- 

Glucose. 

2 => 
ji M 

a; jO 

6 




ume. 

Ph 


o 






per 

cent 

per 

cent 



1016 


cc. 

per cent 

per 

cent 


May 8 : 

2.00 p.m. 


0 

0.117 

90 


2.02p.m. injections started. 

Period 

2.20 “ 

4 

1.14 

0.170 

S3 



A. 

2.40 “ 

3 

1.S2 

0.160 

90 




3.00 “ 

4 

2.32 

0.208 

88 

\ 



3.20 



0.123 

84 




3.40 “ 

8 

1,85 

0.105 

86 


Low renal threshold. 


4.00 “ 



0.147 



Temperature 102.9°F. 


4.20 “ 

8 

1 .47 

0.143 

82 


Note secondary rise of 








plasma sugar. 


4.40 “ 

9 

1.93 

0.164 

86 


4.42 p.m. finished injec- 








tions. 


S.OO “ 

19 

0.22 

0.122 



Temperature 102 ®F. 


5. so 

22 

Faint. 

0.116 

90 




6.SO 

24 

Doubt- 




Total so- 




fuL 




lution 


7.15 

17 

0 

0.102 

87 


injected. 150 cc. 

Total glu¬ 








cose in¬ 








jected... 30 gm. 

Total 








urine ex¬ 






1 


creted . . 118 CG. 

Total glu¬ 








cose ex¬ 








creted.. 0.66 gm. 

Per cent of 








dose_ 2.20per cent. 

June 2 

2.05 p.m. 


0 

0.133 

95 


8.00 a.m. fed 500 gm. of 

Period 







lung. 

B. 

2.20 “ 

16 

0.51 

0.164 

74 


2.05 p.m. started injections. 


2.40 “ 



0.164 

76 




3.00 

18 

0.94 

0.149 

74 




3.20 “ 

8 

1.10 

0.145 

85 




3.40 “ 

5 

1.38 

0A67 

87 




4.00 “ 

15 

1.06 

0.132 

85 




4.20 “ 

4 

1.54 

0.167 

90 




*AiI operations were performed under ether anesthesia. 
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TABLE KY—Concluded. 




Urine. 


o 



Date. 

Time, 



a 

fao 


Remarks. 



m ^ 





V'ol- 

Glucose. 

^ OQ 

S-5 

o 




ume. 

CLi 


o 








rol. 


me 


cc. 

per cent 

per 

cent 

per 

cent 

per 

cent 


June 2 

4.40 p.m. 

5 

o.ss 

0.164 



4.42 p.m. finished injec- 

i Period 
B.™ 

5.00 “ 

15 

0.23 

0.102 



tions. 

Con- 

5.30 “ 

92 

0 

0.087 



Total so- 

tinned. 

6.30 “ 

21 

0 




lution 


7.15 

43 

0 

O.llS 



injected. 150 ec. 

Total glu- 








cose in- 








jected... 30 gm. 

Total 








urine ex- 








creted... 238 cc.f 

Total glu- 








cose ex- 








creted.. 0.60 gm. 

Per cent of 








dose.... 2.0 per cent. 

May 25 

3.00 p.m. 


0 

0.102 

90 

55.8 

9.30 a.m. fed 200 gm. of 

Period 







lard. 

0- 

3.20 

4 

Faint. 

0.161 

ss 

54.8 

3.00 p.m. started injections. 


3.40 “ 

6 

0.76 

0.147 

! 85 

50.4 

Heavy lipemia. 


4.00 

3 

0.54 

0.156 

70 

54.8 

Moderate “ 


4-20 

4 

1.24 

0.161 

65 

50.4 



4.40 “ 



0.1S9 

74 

56.2 

Finished injections. 


5.00 

3 

1.37 

0.185 

74 

56.2 



5.20 



0.128 

65 

51.4 

Heavy lipemia. 


5.40 “ 

15 

0.26 

0.143 

62 

56.2 

U Cl 


6.00 “ 

2 

1.33 

0.143 

70 

56.2 



6.30 “ 

15 

Faint, 

0.0S3 

75 

56.2 

Total so¬ 


7.30 “ 

5 

Very 




lution 




faint. 




injected.. 90 cc. 


8,15 “ 

13 

0 

o.iool 

71 

55.8 

Total glu¬ 








cose in¬ 








jected.... 20 gm. 

Total urine 
excreted. 70 cc. 

Total glu¬ 








cose ex¬ 








creted ... 0.34 gm. 

Per cent of 








dose . 1.70 per cent. 


t The surplus water excreted is presumably derived from the food. 
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TABLE XVI. 

Dog B2-00, 

Weight 14 kg. Partially depancreatized noii-diabetic. Two subse¬ 
quent operations, removing first O.S gm. and then 0.1 gm. of pancreas,, 
were required to produce diabetes. Intravenous glucose injections, 1.5 
gm, per kg. per hr. in 5 per cent solution (3 injections per hr.). 


1916 

Jan. 31 


Time. 

Urine. 

eS h 

1 i “ 

Vol- Gin- J i 
ume. cose. S 

Hemoglo¬ 

bin. 



per per 

per 


lC. 

cent cent 

cent 

1.30 p.m. 


0 0.105 

112 

2.00 

60 

0.36 


2.20 “ 

90 

0,95 0.2SS 

98 

2.40 '' 

100 

0.50 0.145 

91 

3.30 

175 

0 0.091 

93 

3.45 

25 

0 0.08S 

85 

4.00 

30 

0 0.09S 

80 


1.45 p.m. started injections. 

3.00 p.m. finished injections. 

Total solution 
injected. 560 cc. 

Total glucose 
injected. 28 gm. 

Total urine ex- • 
creted.4S0 cc. 

Total glucose 
excreted. 1.57 gm. 

Per cent of dose. 5 .60 per cent. 







TABLE X\TI. 


Dog B2-01, 

Weight 14 kg. Partially depancreatizecl. jMiklly diabetic. Goiitiiiii- 
ous intravenous glucose injections, 1.2 gm. per kg. per lir, in 5 per cent 
solution. 




Urine. 




Date. 

Time. 





Remarks. 

Vol¬ 

ume. 

Glucose. 



1916 


cc. 

per cent 

per 

cent 

per 

cent 


May 17 

2.25 p.m. 

25 

0 

0.116 

107 

2.30 p.m. started injections. 

Period 

3.00 

76 

2.44 

0.228 

103 


A. 

4.30 “ 

100 

1.47 

0.2S6 

95 

Temperature 39.2°C. 


5.00 “ 

160 

1.21 

0.23S 

S3 



5.30 ‘‘ 

95 

1.06 

0.222 

90 

Finished injections. 


6.30 “ 

31 

0.34 

0.084 

99 

Note low renal threshold. 


7.10 “ 

19 

Slight 

0.0S7 

So 





faint. 



Total so- 


S.30 

69 


0.116 

90 

lution 

injected. 1,008 cc. 







Total glu- 







cose in- 







jected., 50.4 gm. 

T otal 







urine ex- 







creted.. 640 cc. 

Total glu- 







cose ex- 







creted.. 7.64 gm. 

Per cent 







of dose. 14.1 per cent. 

May 24 

S.25 a.m. 

50 

0 

0.0S7 

108 

Fed 200 gm. of lard. 

Period 

2.25 p.m. 

2 

0 

0.122 

110 

3.00 p.m. started injections. 

B. 

4.00 

110 

1.S9 

0.385 

102 



5.00 “ 

216 

2.13 

0.435 

92 



6.00 

350 

2.04 

0.358 

97 

Finished injections. 


7.00 “ 

63 

1.73 

0.182 

98 



8.00 

10 

0.45 

0.147 

9S 

Total so¬ 


9.30 “ 

7 

Faint. 

0.147 

98 

lution 

injected. 1,008 cc. 







Total glu¬ 







cose in¬ 







jected.. 50.4 gm. 

Total 







urine ex- 







ci'eted.. 758 cc. 

Total glu¬ 







cose ex¬ 







creted.. 14.97 gm. 

Per cent 







of dose. 27.7 per cent. 
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TABLE X.\‘l\~~Continued. 




Urine. | 





Date. 

Time. 







Vol¬ 

ume. 

Glucose. 

R feO 
rt S 

S 

H 

ixemai’Ks. 

1916 


cc. 

per cent 

per 

cent 

per 

cent 



May 29 

8,45 a.m. 

20 

0 1 

0.102 

95 

Fed 300 gm. 

of white clay. 

Period 

9.45 



0.120 

96 



C. 

2.00 p.m. 

2 

0 

0.103 

97 

2.30 p.m. started injections. 


3.30 “ 

74 

2.04 

0.345 

74 




4.30 

320 

2.38 

0.500 

G6 




5.30 “ 

278 

3.70 

0.385 

68 

Finished injection. 


6.30 “ 

30 

2.22 

0.182 


Drank 250 cc. of water. 


7.45 “ 



0.179 


“ 200 '' 

a a 


9.00 “ 

16 

0.28 

0.135 

84 

Total so- 








lution 

injected. 

l^OOS cc. 

i 

1 





Total gill- 








cose in- 








jected.. 

Total 

50.4 gm. 







urine ex- 








creted.. 
Total gill- 

710 cc. 







cose ex- 








creted.. 
Per cent 

9.84 gm. 







of dose. 

IS .2 per cent. 

June 1 

2.40 p.m. 



0.104 

92 

S.OO a.m. fed 200 gm. of lard. 

Period 

4.00 “ 

30 

3.65 

0.357 

SS 

3.00 p.m. started injections. 







Slight lipemia. 


5.00 

348 

2.38 

0.371 

75 

Negative “ 



6.00 

182 

2.64 

0.417 

77 

Finished injections. Nega- 







tive lipemia. Vomited 


7.00 

40 

4.17 

0.193 

> SS 

about 25 

gm. of lard. 







Drank 20C 

s cc, of water. 


S.OO 

22 

Faint. 

0.145 





9.30 “ 

65 

0 

0.119 

1 77 

Total so- 








lution 

injected. 

1,008 cc. 







Total giu- 








cose in- 








jected.. 

Total 

50.4 gm. 







urine ex- 








creted.. 
Total gill- 

687 cc. 







cose ex- 








creted.. 
Per cent 

15.86 gm. 







of dose. 

31.5 per cent. 
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TABLE XVll—Concluded. 




Urine. 


3 


Date. 

Time. 



i s 

o • 

Hemarks. 



s ^ 




Vol- 

Glucose. 

4 * 





ume. 




1916 


cc. 

per cent 

per 

cent 

per 

cent 


June 5 

9.35 a.m. 


0 

0.093 

85 

Tantalized with meat for 5 

Period 






min., not allowed to eat it. 

E. 

9.40 



0.093 

87 

Fed 500 gni. of lung. 


9.50 



0.109 

82 



10.10 



0.119 

80 



10.25 “ 


0 

0.156 

78 

3.20 p.m. started injections. 


4.20 p.m. 

123 

3.58 

0.358 

70 



5.20 “ 

232 

3.S5 

0.477 

73 



0.20 “ 

240 

2.18 

0.204 

72 

Finished injections. 


7.20 

14 

0.32 

0.122 

74 



8.20 

19 

Faint. 

0.182 

71 

Total so¬ 


9.50 “ 

19 

cc 

0.121 


lution 

injected. 1,008 cc. 







Total glu¬ 







cose in¬ 





1 


jected.. 50.4 gin. 

Total 







urine ex¬ 







creted.. 647 cc. 

Total glu¬ 







cose ex¬ 







creted.. 18.61 gm. 

Per cent 







of dose. 37.0 per cent. 
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TABLE XVm. 
Dog B2~02, 


Weight 10.5 kg. Partially depancreatized. Intravenous glucose in¬ 
jections, 1-5 gm. per kg. per hr. in 5 per cent solution in 0.9 per cent saline 
(3 injections per hr.). 




Urine. j 











JJate. 

iinie. 

Vol¬ 

ume. 

Glucose. 

i 

s 

£-5 

I H 


1910 


cc. 

per cent 

per 

cent 

per 

cent 


Feb. 2 

1.55 p.m. 


0 

0.111 

114 

2.15 p.m. started injections. 


2.30 

10 

2.32 

,0.209 

lOS 



2.50 

25 

2.38 

0.271 

106 



3.10 ‘‘ 

35 

2.13 

0.250 

97 

2.55 p.m. finished injections. 


3.25 

12 

0.64 

0.200 

104 



3.40 “ 

10 

Faint. 

0.137 

103 

Total solu¬ 


3.55 

10 

0 

0.125 

99 

tion in- 


jected_ 316 cc. 


Total glu¬ 
cose in¬ 
jected 15.8 gm. 

Total urine 
excreted. 102 cc. 

Total glu¬ 
cose ex¬ 
creted... 1.66 gm. 

Per cent of 

dose. 10.5 per cent. 




TABLE XIX. 


Dog C3-74. 


Weight 18 kg. Partially depancreatized. Mildly diabetic. Intra- 
veiious glucose injections, 1 gm. per kg. per hr. in 20 per cent solution (3 
injections per lir.). 





Urine. 1 




Date. 






c * 

Remarks. 


Vol¬ 

ume. 

Glucose. 


^ S 

1916 



cc. 

per cent 

per 

cent 

per 

cent 


May S 

3.00 p.m. 



0.119 

ss 

Started injections. 

Period 

3.20 

tc 

s 

1.S2 

0.173 

91 

3.05 p.m. blood taken 2 

A. 

3.40 

« 

6 

3.60 

0.263 

91 

minutes after finishing in- 


4.00 


19 

1.22 

0.2S6 

90 

jection; plasma sugar 


4.20 

<( 

10 

0.S6 

0.303 

94 

0.294 per cent. 


4.40 

iC 

23 

0.S2 

0.312 

92 

Finished injections. 


5.00 

it 

22 

0.22 

0.238 

94 



5.40 

i< 

20 

0.31 



Total solu- 


6.20 

te 



0.137 

96 

tion in- 


6.40 

iC 

20 

Faint. 



jected. .. ISO cc. 


7.00 

a 



0.126 

92 

Total glu- 


7.40 

(C 

20 

Very 



cose in- 





faint. 



jected... 36 gm. 


S.20 

C( 

20 

Very 

0.125 

93 

Total urine 





faint. 



excreted. 174 cc. 

Total glu- 








cose ex- 








creted... 0.99 gm. 

Per cent of 








dose. 3.02 per cent. 

May 23 

2.10 

it 


0 

0.139 

88 

10.25 a.m. fed 1,800 gm. of 

Period 







lung. 

B. 

2.45 

te 

20 

0.S3 

0.227 

87 



3.05 

a 

19 

0.95 

0.250 

87 

2.25 p.m. started injections. 


3.25 

tt 

15 

1.54 

0.264 

84 



3 .45 

tc 

IS 

2.OS 

0.2SG 

85 



4.05 

te 

IS 

2.3S 

0.2S6 


Finished injections. 


4.20 

it 

21 

1.93 

0.313 

86 



5.00 

it 

19 

0 



Total solu¬ 


5.40 

ee 



0.1S5 

8S 

tion in¬ 


6.00 

it 

49 

0 



jected. .. ISO cc. 


6.20 

it 



0.139 

85 

Total glu¬ 


7.10 

te 

53 

0 



cose in¬ 


7.40 

a 

56 

0 

0.137 

82 

jected... 36 gm. 

Total urine 

excreted. 2SS cc- 
Total glu¬ 








cose ex¬ 








creted... 1.79 gm. 

Per cent of 








dose. 4.98 per cent. 
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TABLE 'KIX—Go7icluded, 





Urine. 

I« 

6 


Date. 

Time. 




§> - 

Remarks. 








Vol- 

Glucose. 

sg 

§3 





ume. 

PL, 

K 


1916 



cc. 

per cent 

per 

cent 

per 

cent 


May 12 

2.00 p.m. 


0 

0.097 

90 

10.00 a.m. fod 200 gm. of 

Pei'iod 







lard. 

C. 

2.20 

a 

13 

0.65 

0.151 

95 

2.00 p. m. started injections. 


2.40 

u 

15 

0.70 

0.232 

85 



3.00 

te 

15 

0.66 

0.162 

8S 



3.20 

<s 

18 

0.49 

0.167 

85 



3.40 

({ 

14 

0.61 

0.137 

88 

Finished injections. 


4.00 

(( 

12 

0.65 

0.107 

85 



4.20 

a 

10 

0 



Total solu¬ 


4.40 

a 

11 

0 



tion in¬ 


5.20 

<t 

10 

0 

0.099 

83 

jected . .. ISO cc. 


6.20 

« 

60 

0 

0.111 

78 

Total glu¬ 


7.20 

(( 

190 

0 

0.115 

89 

cose in¬ 








jected... 36 gm. 

Total urine 
excreted. 36S cc. 

Total glu¬ 








cose ex¬ 








creted... 0.54 gm. 

Per cent of 








dose. 1.50 per cent. 
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TABLE XX. 

Dog B9-S8, 

Weight 13 kg. Mild diabetes. Glycosuria ab.sent on protein-fat diets 
R'ith addition of 100 gm. of bread; present with addition of bread^to 200 
gm. Intravenous glucose injections, 1 gm. per kg. x^er hr. in 5 per cent 
solution (3 injections x)er hr.). 





Urine. i 



Date. 





Plasma 

Remarks. 

jLime. 

Voi- 

Giu- 

sugar. 




ume. 

cose. 



1915 



cc. 

per cent 

per cent 


Dec. 2 

1.20 

p.m. 


0 

O.llS 

11.‘10 a.m. drank 500 cc. of vrater, 







also at 1.20 p.m. 


1.59 

tt 

120 

0 

0.200 

1.44 p.m. started injections. 


2.20 

it 

64 

0 

0.200 



2.43 

te 

73 

! 0 

0.232 



3.05 

a 

100 

0 

0.192 



3.38 

t< 

106 

0 

0.200 



3.54 

({ 

64 

0 

0.200 



4.15 

u 

90 

0 

0,200 



4.37 

i( 

90 1 

0 

0,128 



4.58 

it 

110 

0 

0.112 

5.08 p.m. finished injections. 


5.24 

it 

117 

0 

0.121 

Total solution in¬ 
jected. 860 cc. 

Total glucose in¬ 
jected. 43.3 gm. 

Total urine ex¬ 







creted. 934 cc. 







Total glucose ex¬ 
creted. 0 gin. 

Per cent of dose... 0 per cent, 







TABLE XXI. 


Dog Eo-97. 

AYeiglit 14 Ivg. JN'Illd dial)etes. Glycosuria absent on diet of beef iimg 
with 100 gni. of bread; present witli addition of bi'ead to 200 gm. Intra¬ 
venous glucose injections, 1 gin. per kg. per hr. in 20 per cent solution (3 
injections ])er hr,). 


Date, 

Time. 

Urine. 

Plasma 

pLcmarks. 

Volume. 

Glu¬ 

cose. 

susar. 

1917 


cc. 

per cent 

per cent 


Nov. 1 

4.05 p.m. 
5.20* 

No urine. 

0 

0.095 

0.286 

4.20 p.m. started injections. 


6.25 

7.30 

70 

No urine. 

2.44 

0.294 

0.164 

6.10 p.m. finished injections. 


8,30 

40 

1.47 

0.145 

Total solution 
injected.140 cc. 

Total glucose 

injected. 2S gm. 

Total urine e.x- 

creted. 110 cc. 

Total glucose 
excreted. 2.30 gm. 

Per cent of dose. 8.2 per cent. 


TABLE XXII. 

Dog Fd'-OO, 

Weight 20 kg. Mild diabetes. Glycosuria absent on diet of 1 kg. of 
lung and 100 gm. of bread; heavy on increasing bread to 200 gm. Intra¬ 
venous glucose injections, 1 gm. per kg. per hr. in 20 percent solution (3 
injections per hr.). 


Date. 

Time. 

Urine. 

Plasma 

sugar. 

Remarks. 

Vol¬ 

ume, 

Glu¬ 

cose- 

1918 

Feb. 7 

1 

2.15 p.m. 

3.20 “ 

4.20 “ 

5.20 “ 

cc. 

25 

87 

180 

per cent 

0 

3.61 

4.98 

5.89 

per cent 

0.127 

0.555 

0.555 

0.667 

2.25 p.m. started injections. 

i 

5.10 p.m. finished injections. 

Total solution in¬ 
jected-- . 300 cc. 

Total glucose in¬ 
jected.... 60 gill. 

Total urine ex¬ 
creted. 292 cc. 

Total glucose ex¬ 
creted.. 15.84 gm. 

Per cent of dose.. 26.4 per cent. 


446 










TABLE XXIII. 


Dng E5-93. 

Weiglit 16 kg. Moderate diabetes. Glycosuria absent on diet of SO gm, 
of iung and 100 grn. of suet; present with addition of 50 gm. of bread. 
Intravenous glucose injections, 1 gm. per kg. per hr. in 20 per cent solution 
(4 injections |)er hr.). 


Urine. 

Date. Time. 

Vol- Glu- 

ume. cose. 


1917 ' cc. 

per cent 

per cent 

Nov. 1 1.20 p.m. 

0 

0.109 1.40 x5.ni. started injections. 

2.35 22 

3.62 

0.357 

3.40 “ 00 

4.31 ! 

0.416 3.25 p.m, finished injections. 

4.40 32 

5.21 

0.200 

5.40 “ 10 

1.S7 

0.228 Total solution in¬ 



jected. 160 cc. 



Total glucose in¬ 



jected. 32 gm. 



Total urine ex¬ 



creted.. 154 cc. 



Total glucose ex¬ 



creted. 6.55 gm. 



Per cent of dose. 20.4 per cent. 


TABLE XXIV. 
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TABLE XXV. ■ 

Dog D4-84. 


Weight 14 kg. Moderate diabetes. Slight glycosuria on I kg. of beef 
iiiiig. Intravenous glucose injections, 1 gro. per kg. per hr. in 10 per cent 
solution (4 injections per hr.). 


Date. 

' Time. 

Urine. 

Plasma 
sugar. ' 

Remarks, 

Vol- ' 
ume. i 

Glu- ‘ 
cose. 

1917 

Oct. 31 

i 1.30 p.m. 

: 2.30 

3.30 “ 

4.30 

5.40 “ 

i ec. 

j 

per cent 

per cent 

0.154 

0.400 

0.525 

0.370 

0.200 

Started injections. 

Finished injections. 

Total solution in¬ 
jected. 280 cc. 

Total glucose in¬ 
jected. 28 gm. 

Total urine, in 24 hrs., 390 cc. 
with 1.6 per cent glucose. 

Total glucose ex¬ 
creted. 6.24 gm. 

Per cent of dose. 22.2 per cent. 
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TABLE XXVI. 

Dog E5-19. 

Weight 9.0 kg. Severe diabetes. Glycosuria absent on diet of 100 
gm. of lung and 100 gm. of suet; faint on 200 gm. of lung and 100 gm. of 
suet; heavy on 300 gm. of lung and 100 gm. of suet. Intravenous glucose 
injections, 1 gm. per kg. per hr. in 5 per cent solution in 0.9 per cent saline, 
(4 injections per hr.). 


Date. 

Time. 

Urine. 

Plasma 

Remarks. 

Volume. 

Glu¬ 

cose. 

sugar. 

1917 


cc. 

per cent 

per cent 


Oct. 31 

10.15 a.m. 

11.15 

Not ca¬ 
theter- 
ized. 

0 

0.133 

0.322 

Started injections. 


12.15 p.m.! 
1.15 “ 1 

57 

15 

5.10 

3.29 

0.475 

0.278 

Finished injections. 


2.15 “ 

13 

i 

2.16 

0.286 

i 

Total solu¬ 
tion in¬ 
jected. 420 cc. 

Total glucose 
injected... IS gm. 

Total urine 

excreted... 85 cc. 

Total glucose 
excreted... 3.7 gm. 

Per cent of 

dose. 20.5 per cent. 

Glucose fn 85 cc. of addi¬ 
tional urine up to next 
morning too little to ti¬ 
trate. 





TABLE XXVII. 

Dog B2-79. 

Weight 14 kg. Partially depaiicreatized. Severe diabetes. Tolerance 500 gm. of lung. Period A, intravenous 
icose injections, 1.5 gm. per kg, per hr. in 5 per cent solution in 0.0 per cent saline (3 injections i)er hr.). Period B, 
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TABLE XX\III. 


Dog CS-86. 


Weight 13 kg. Partially depancreatized. Severely diabetic. Intra¬ 
venous glucose injections, 1 gm. per kg. per hr. in 20 per cent solution (3 
injections per hr.). 





Urine. j 


o 


Date. 

Time. 




S cj 


Remarks. 


Vol¬ 

ume. 

Glucose. 

GQ 

Ph 


1916 



cc. 

per cent 

per 

cent 

per 

cent 


hlay 9 

2.55 p 

.in. 


0 

0.128 

99 

Started injections. 

Period 

3.15 

a 

8 

0.57 

0.130 

95 


A. 

3.35 


3 

1.54 

0.200 

97 



3.55 

<e 

10 

1.08 

0.270 

90 



4.15 

i( 

3 

3.45 

0.227 

84 



4.35 

u 

3 

2.04 

0.232 

76 

Finished injections. 


4.55 

a 

4 

1.76 

0.185 

74 



5.30 

a 

55 

0 



Total solu- 


5.45 

i{ 



0.123 

90 

tion in- 


7.00 

t( 

91 

0 

0.099 

99 

jected.130 cc. 

Total glucose 
injected... 26 gm. 

Total urine 
excreted... 177 cc. 

Total glucose 
excreted... 0,44 gm. 

Per cent of 








dose. 1.69 per cent. 

May 15 







10.30 a.m. fed 200 gm. of lard. 

Period 

3.00 

a 


0 

0.098 

90 

Started injections. 

B. 

3.20 

a 

6 

1.79 

0.170 

90 



3.40 

a 

11 

0.95 

0.170 

SO 



4.00 

t£ 

11 

1.20 

0.164 

94 



4.20 

It 

4 

2.15 

0.145 

100 



4.40 

a 

3 

2.09 

0.137 

100 

Finished injections. 


5.00 

a 

5 

1.61 

0.125 

100 



5.50 

a 

S 

Slight. 

0.116 

96 

Total solu¬ 


7.00 

(( 

15 

0 

0.100 

89 

tion in¬ 


7.30 

a 

12 

0 



jected. 130 cc. 

Total glucose 
injected... 26 gm. 

Total urine 
excreted... 75 cc. 

Total glucose 
excreted... 0,57 gm. 

Per cent of 








dose. 2,19 per cent. 
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TABLE X.X.Y111— Concluded. 




Urine. 


o 


'Date. 

Time. 



ii 

^ 03 

fX, 

2? ■ 

Remarks. 

Vol¬ 

ume. 

Glucose. 

S-S 

K 

1918 


cc. 

'per cent 

per 

cent 

per 
cm t 


May 22 

11.25 



0.119 

88 

Fed 1,200 gm. of lung. 

Period 

1.50 p.m. 

72 

0 

0.123 

SS 

Started injections. 

C. 

2.15 

11 

2.38 

0.164 

88 



2.35 “ 

16 

2,27 

0.185 

77 



2.55 

9 

4.16 

0.233 

81 



3.15 

15 

3.So 

0.204 

SO 



3.35 

12 

3.03 

0.200 

70 

Finished injections. 


3.55 

12 

1.52 

0.161 

89 



4.40 

15 

Faint. 

0.125 

93 

4.40 p.m. vomited 400 gm. of 







undigested lung. 


6.25 

75 

0 

0.095 

100 

Total solu¬ 







tion in¬ 

jected... 130 cc. 







Total glucose 
injected.. 26 gm. 

Total urine 
excreted. 165 cc. 

Total glucose 

excreted 2.11 gm. 

Per cent of 







dose. 8.10 per cent. 
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TABLE XXIX. 

Dog Eo~90, 

Weight 10 kg. Period very mild diabetes. Glycosuria absent on 
diet of bread and soup; continuously heavy with addition of 100 gm. of 
glucose. Period B, moderate diabetes. Glycosuria absent on diet of 
lung and suet; heavy with addition of 200 gm. of bread. Intravenous glu¬ 
cose injections, 1 gm. per kg. per hr. in 10 per cent solution (4 injections 
per hr.). 




Urine. 1 



Date. 

Time. 



Plasma 

Remarks. 

Vol¬ 

ume. 

Glucose. 

sugar. 

1917 


cc. 

per cent 

per cent 


Oct. 25 

1.45 p.m. 


0 

0.164 

1.55 p.m. started injections. 

Period 

■2.50 “ 

5 

0.68 

0.333 


A. 

3.50 « 

14 

0.57 

0.323 

4.40 p.m. finished injections. 


4.50 

95 

Faint. 

0.213 



6.15 « 



0.119 

Total solution 
injected_ 300 cc. 

Total glucose 
injected- 30 gm. 

Total urine 
excreted_ 114 cc. 

Total glucose 
excreted.... 0.11 gm. 

Per cent of 






dose. 0.37 per cent. 

Dec. 18 

2.45 “ 


0 

0.122 

3.00 p.m. started injections. 

Period 

4.00 “ 

14 

2.25 

0.384 


B. 

5.00 

50 

4.00 

0.500 

5.45 p.m. finished injections. 


6.00 

26 

i 

2.60 

0.455 

Total solution 
injected.... 300 cc. 

Total glucose 

injected_ 30 gm. 

Total urine 






excreted- 90 cc. 






Total glucose 

excreted_ 3.0 gm. 

Per cent of 






dose. 10 per cent. 







454 Carbohydrate Metabolism and Diabetes. I 


TABLE XXX. 

Dog D4-52. 

Weiglit, Period A, 10.75 kg.; Period B, 11.7 kg.; Period Cj 12 kg. 
Glycosuria absent on bredd and soup diet to Oct. 10, 1917. Absent 
thereafter on 500 gm. of lung and 100 gm. of suet, with hyperglycemia. 
Intravenous glucose injections, 1 gin. per kg. per hr. in 10 per cent solution 
(4 injections per hr.), based on normal weight of 12 kg. 




Urine. j 







Plas- 







Date. 

Time. 

6 


ma 

Remarks. 



a 

I? 

Glucose. 

sugar. 


1911 


cc. 

per cent 

per 

cent 


Aug. 6 

Before in- 





Period 

jection. 


0 

0.21S 


A. 

End 1st hr. 

16 

2.64 

0.500 



“ 2ncl 

16 

5.08 

0.715 



“ 3rd 

, 54 

2.84 

0.475 

Plasma sugar 


“ 4th 

52 

1,54 

0.590 

immediately 


5th 

76 

0.74 

0.415 

after injection. 0.770 per cent. 


“ 6th 

78 

1.81 

0.270 

Total solution 


7th 

94 

1.45 

0.202 

injected. 828 cc. 


Sth 

82 

0.82 

0.125 

Total glucose 


1 hr, after 




injected. 96 gm. 


injection. 

53 

0.19 

0.128 

Total urine ex- 


2 hrs. after 




creted. 563 cc. 


injection. 1 

12 

Faint. 

0.130 

Total glucose 


3 hrs. after 




excreted. 7.8 gm. 


injection. 

29 

0 

0.133 

Per cent of dose. S.l per cent. 

Nov. 19 

Before in¬ 


0 

0.169 


Period 

jection. 





B. 

End 1st hr. 

36 

1.93 

0.555 



2nd “ 

68 

3.08 

0-555 



3rd 

82 

1.49 

0.435 



a 4tli “ 

132 

0.79 

0.370 



Sth “ 

98 

0.39 

0.370 

Total solution 


6th “ 

126 

0.28 : 

0.356 

injected. 1,200 cc. 


7th 

127 

0.55 

0.370 

Total glucose 


« 8th 

105 

0.39 

0.370 

injected. 120 gm. 


9th 

105 

0.36 

0.384 

Total urine ex¬ 


10th 

101 

0.42 

0.322 

creted. 1,035 ec. 


1 hr. after 




Total glucose 


injection. 

45 

Faint. 

0.156 

excreted_ 7.7 gm. 


2 hrs, after 




Per cent of 


injection. 

10 

0 

0.147 

dose... 6.4 per cent. 
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TABLE XXX-~Co?icluded, 




Urine. 

’ 

Plas¬ 

ma 



Date. 

Time. 

6 


Remarks. 




Glucose. 

sugar. 





> 





1918 


cc. 

per cent 

per 

cent 



Feb. 19 

Before in- 



0.145 



Period 

jeetion. 


0 



G. 

End 1st Iir. 

20 

4.77 

0.417 




2nd “ 

55 

5.13 

0.476 




3rd 

114 

3.39 

0.500 




! a 4^1^ 

109 

3.45 

0.525 

Total .solution 



5th “ 1 

102 

3.40 

0.500: 

injected. 

960 cc. 


“ 6th “ 

140 

2.7S 

0.475 

I Total glucose 



“ 7th 

90 

4.35 

0.455 

injected. 

96 gm. 


Sth 

st' 

3.23 

0.3S4 

Total urine ex¬ 



1 hr. after 




creted. . 

778 cc. 


injection. 

43 

0.74 

0.294 

Total glucose 



2 lirs. after 




excreted. 

25.7 gm. 


injection. 

19 

Very 

0.170 

Per cent of 





faint. 


dose. 

26.S per cent. 
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Percentage of Total Intrauenoiisly Injected Dose of Glucose Excreted hy Normal Dogs, 


2 gm. ill 5 
per cent 
solution 
(continu¬ 
ously) . 

For 4 hrs. 

XIV 

o 

o 

lo 

1.5 gm. in 

7.6 per cent 
solution 
(2 injec¬ 
tions per 

hr.). 

For 2 hrs. 

IV (B) 

2.27 

1.5 gm. 
in 10 per 
cent solu¬ 
tion 
(4 injec¬ 
tions per 
hr.). 

For 9 hrs. 

XIII 

l.SS 

Trace. 

0.90 
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For 2 hrs. 
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> 

4.40 

(V) A 
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5 per 
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lution 
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per hr.). 

For 
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TABLE XXXIII. 

Percentage of Total Dose of Intravenously Injected Glucose Excreted hy Partially Deyancreatized Dogs. 
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ALKALI RESERVE OF SWINE AS AFFECTED BY CE¬ 
REAL FEEDING AND MINERAL SUPPLEMENTS. 

By E. B. FORBES, L 0. HALVERSON, ayd J. A. SCHULZ. 
(From the Department of Nutrition, Ohio Agricultural Experiment Station^ 

(Received for publication, May 25, 1920.) 

It is common knowledge among students of animal nutrition 
that cereal rations are characterized by excess of acid as compared 
with basic mineral elements, and by a marked deficiency of cal¬ 
cium. A question remains, however, as to whether this potential 
acidity of cereal rations is of such degree as to constitute it a 
practical consideration, and especially as to the extent to which 
this acidity should be considered as merely incidental to the 
calcium shortage. 

In the investigation of the physiological significance of the 
potential acidity of cereal rations it becomes a matter of much 
interest to determine the influence of this factor in relation to the 
composition and functional efficiency of the blood and tissues. 
k significant and fundamental matter in this connection is the 
maintenance of the alkali reserve, which may be considered, in 
general terms, as composed of those constituents of the body ’which 
can be used for acid neutralization. In the method of estimation 
of Van Sl3?-ke, Stillman, and Cullen,^ Tvhich was used in this study, 
the alkali reserve is determined as the bicarbonate concentration 
of the blood plasma. 

Ammonia and acidity were estimated by the methods of Folin, 
and hydrogen ion concentration by the colorimetric method of 
Clark and Lubs, using the colored screen and the comparator. 

The blood samples were taken from the tail, the handling of 
the subjects being successfully accomplished by the use of a crate 
de\fised for hog-cholera serum work. The tail wa^s shaved, the 

1 Van Slyke, D, D., Stillman, E., and Cullen, G, E., J, Biol* Chem^.j 
1919, xxxviii, 167, 
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All^ali Reserve in Swine 


end clipped off, and the blood drawn through a 5 cm. funnel into 
a 50 cc. centrifuge tube where it was collected under a 0.5 cm. 
la^^er of liquid petrolatum (Squibb). The funnel was fitted to 
the tube with a two-hole rubber stopper, and the funnel and tube 
together contained powdered potassium oxalate equal to 0.1 per 
cent of the blood drawn. The tail was held inside the funnel, 
with the bleeding tip within 1 or 2 cm. of the bottom, to mini¬ 
mize possible loss of carbon dioxide. 

In this study two pigs were fed a cereal ration composed of 
corn 7 parts, wdieat middlings 1 part, and linseed oil meal 1 part, 
with salt (NaCl) weighed separately at a rate of 2.2 gm. per kilo 
of feed. The two pigs weighed 65.0 and 62.4 kilos, respectively, 
on October 14, at the beginning of the experimental treatment, 
and on January 2, 112.3 and 110.0 kilos, respectively. The ex¬ 
periment terminated on January 3. The pigs were fed in metab¬ 
olism crates, and cared for as in metabolism experiments. 

In the first period the cereal ration was fed alone for 33 days, 
during the last 7 of which alkali reserve estimations on the blood 
plasma were made twice on each subject. 

In the second period there was then added to the cereal ration 
calcium carbonate in amounts equivalent to 200 mg. of calcium 
per kilo of live weight of the pigs. This treatment was continued 
for 25 days, during the last 12 of which alkali reserve estimations 
were made on the two subjects three and four times, respectivehq 
at intervals as shown in Table I. 

In the third period the mineral supplement was changed to 
precipitated bone phosphate, which is largely in the dicalcic 
form, and which was fed in amounts furnishing, as before, 200 
mg. of calcium per kilo of live weight. This treatment was con¬ 
tinued for 23 days, during the last 13 of which alkali reserve 
estimations were made four times on each subject. The condensed 
data of the experiment will be found in Table I, Alkali reserve 
estimations w-ere made on the days indicated, while estimations 
of urinary acid, ammonia, and hydrogen ion concentration were 
made daily during the greater part of the study and on alternate 
days during the remainder. 

The data show that by the addition of calcium carbonate to a 
cereal ration the alkali reserve of the blood plasma was increased 
10.1 and 10.8 per cent, with the two pigs, above that which pre- 
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TABLE I. 


Effects of Cereal Ration and Mineral Supplements on Blood Plasma and Urine 

of Sicine. 


Pig 

No. 

Treatment. 

Date 
of estima- 
» tion. 

Blood plasma. 

24 hr. urine. 

Ill 

JIrI 

o !L'0.n 

CO 2 as bicarbo¬ 
nate. 

Acidit5^ 

Ammonia. 

H ion 
concentra¬ 
tion. 





ml. 






1919 


per 

CC. 0.1 N 

CC. 0.1 X 

pH 





coni 




1 

Basal ration of ce- 








reals. 

Nov. 11 

0.0297 

66.5 




1 

Basal ration of ce- 








reals. 

“ 17 

0.0314 

70.3 




Average. 

0.0300 

68.4 

2o5(S)* 

4.1S(S) 

7.1(8) 

1 

Calcium carbonate... 

Nov. 29 

0.03SS 

75.7 




1 

a a' 

Dec. 3 

0.0354 

79.3 




1 

a i( 

9 

0.0327 

73.2 




1 

a a 

“ 11 

0.032S 

73.5 




Average. 

0.0337 

75.4 

-49 (IS) 

1.71(13) 

7.7 (13) 

1 

Precipitated bone 








phosphate. 

Dec. 22 

0.0269 

60.3 




1 

Precipitated bone 








phosphate. 

“ 26 

0.0282 

63.2 






mo 






1 

Precipitated bone 








phosphate. 

Jan. 2 

0.0295 

66.1 




1 

Precipitated bone 








phosphate. 

“ 3 

0.0303 

67.9 




Average. 

0.02S7 

64.4 

705 (15) 

4.01(15) 

0.36(15) 



1919 






2 

Basal ration of ce- 








reals. 

Nov. 12 

0.0323 

72.3 




2 

Basal ration of ce- 








reals. 


0.0323 

72.4 




Average... 

0.0323 

72.4 

63S(S) 

4.10 (S) 

'6.5 (S) 


The numbers in parentheses indicate the number of daily estimations 
averaged. 
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TABLE l—Conduded, 


Pig 

No. 

Ti’eatment. 

Date 
of estima¬ 
tion. 

Blood plasma. 

24 hr. urine. 

Molecular con¬ 
centration of 
CO 2 as bicar¬ 
bonate. 

COaas bicarbo¬ 
nate. 

Acidity. 

Ammonia. 

H ion 
concentra¬ 
tion. 





vol. 






1919 


per 

CC. 0.1 N 

CC. 0.1 N 

pH 





cent 




2 

Calcium carbonate... 

Nov. 29 

0.0350 

78.4 




2 

a a 

Dec. 3 

0.0355 

79.5 




2 

i£ £< 

9 

0.0370 

82.9 




Average... 

0.0358 

80.3 

-29(13) 

1.06(13) 

7.6 (13) 

2 

Precipitated bone 








phosphate. 

Dec. 22 

0.0306 

68.5 




■9> 

Precipitated bone 








phosphate. 

“ 26 

0.0314 

70.3 






mo 






2 

Precipitated bone 








phosphate. 

Jan. 2 

0.0281 

62.9 




2 

Precipitated bone 








phosphate. 

3 

0.0313 

70.1 




Average. 

0.0303 

68.0 

1,707(15) 

3.89(15) 

6.57(15) 


vailed during the feeding of the cereal ration alone; and that then, 
by the substitution of precipitated bone phosphate for the cal- 
eiiim carbonate, the alkali I'escrve was reduced 14.8 and 15.4 per 
cent, with the two subjects, to figures which are distinctly lower, 
in each case, than those obtained from the same individual on 
the cereal ration. The estimations of acidity, ammonia, and 
hydrogen ion concentration in the urine vary, as affected by the 
mineral supplements, in a manner concordant wuth the alkali 
reserve estimations, w4ich they serve to confirm. The separate 
estimations of urinary acidity reveal marked daily and enormous 
individual variation in the details of the eliminative function^ 

The alkali reserve of the blood plasma of swine, therefore, is 
susceptible of variation, and may be either increased or decreased 
by the use of mineral supplements added to a cereal ration in 
such quantities as might be used in practical feeding. Since 
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these variations would in all probability be followed, in time, by 
variations in the other alkali reserves of the body, it is more than 
likely that changes of hod^'^ function would result. These might 
be favorable or unfavorable in accord with the ration and mineral 
supplements used. 

In this connection we are unable to follow Lamb and Evvard^ 
in some of the conclusions which they draw from their studj' of 
the acid-base balance in swine. Thus, contrary to their main 
conclusion, neither ration did the mineral acid cause a sig¬ 
nificant loss of calcium, nor did it interfere with the storage of 
protein,’^ their data for Experiment 1 show, as a result of mineral 
acid ingestion, a decreased retention of calcium amounting to 
one-fourth or one-fifth according to whether it is computed with 
reference to the ahsolute amount or the proportion of the intake 
retained. It should also be noted that the results from Experi¬ 
ment 2 are conflicting since the first control period makes it appear 
that the mineral acid feeding had diminished the loss of calcium 
by 0.030 gm. of CaO per day, while the second or following control 
period indicated, with opposite significance, that the acid feeding 
had increased the loss by 0.550 gm. of CaO per day. The authors 
averaged these contrary findings. 

Further, their finding that the mineral acid ingestion had not 
affected the hydrogen ion concentration of the blood was beside 
the point, since this constant would increase only as death was 
about to supervene; and their evidence as to the effect of acid 
ingestion on the reproductive acthdty of the sows lacks conclu¬ 
siveness since only one pig was raised out of eleven farrowed. 

We believe therefore that the ultimate effects of the potential 
acidit}'' of cereal rations on the functional activities of swine 
remain yet to be determined. 

CONCLUSION. 

The alkali reserve of the blood plasma of swine may be sig¬ 
nificantly increased by the feeding of the potentialb^ basic pre¬ 
cipitated calcium carbonate, or decreased by the feeding of the 
potentially acid precipitated calcium phosphate, when these 
substances are fed as supplements to a cereal ration in quantities 
such as might be used in practical feeding. 

“ Lamb, A. R,, and Evvard, J. M., J. Biol. Chcm.^ 1919, xxxvii, 317. 




THE OCCURRENCE OF WATER-SOLUBLE VITAMINE 
m SOME COMMON FRUITS/" 


By THOMAS B. OSBORNE and LAFAYETTE B. :MENDEL. 

With the Coopeeation of Alfked J. Wakeman. 

[From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry, 

Yale University, New Haven.) 

(Received for publication, May 25, 1920.) 

Despite the fact that the edible fruits enter liberally into the 
dietaiy of man in nearly every part of the world, they have hitherto 
received almost no serious consideration at the hands of scientific 
investigators. Usually the^^ are casually grouped for considera¬ 
tion with the familiar vegetables with which, it may be noted, 
the^^ have many features of composition in common. Like these 
vegetables most fruits contain considerable water; some of them 
furnish a liberal amount of sugar or starch; and they cannot be 
classed as significant sources of fat or protein. One may read 
in government leaflets that 

“fruits and vegetables are necessaiy for health because they siippU cer¬ 
tain needed substances that are not usually found in any other food 
materials. They should have a place in the diet of all those who have 
passed babyhood and no pains should be spared to obtain at least a small 
amount of them evcrj^ day.”^ 

The reason for such advice is found in the statement that 

“fruits and vegetables are used in the diet to give pleasant flavor and 
varied texture. They are important not only for this but because they give 
bulk and are laxative; because thej" contain valuable mineral salts, such as 


* The expenses of this investigation were shared by the Connecticut 
t Agricultural Experiment Station and the Carnegie Institution of Wash¬ 
ington, Washington, D. C. 

^ The day's food in war and peace, U. S. Food Administration, U. S. 
Dept. Agric. leaflet, 75. 
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iiine and iron: and because they furnish the dietary essentials sometimes 
called vitanimes/’^ 

The explanation of the asserted laxative action of the fruits 
is sought ill part in their content of certain mild vegetable acids 
useful in preventing constipation^’ x4 recent review summarizes 
the status of fruits in these words: 

thorough studies of the dietary properties of fruits have yet been 
made, but from their known chemical composition and biological func¬ 
tions as storage organs, their proper place in the diet can be predicted. 
They are good sources of mineral salts and of energy-yielding foods, the 
sugars. The}?’ are highly palatable and exert a favorable influence on the 
excretory processes of the kidneys and the intestine. Their liberal use in 
the diet should be encouraged. 

In so far as the content of inorganic constituents is concerned 
it must be noted that the edible portions of the fruits and the 
quantities in which they are customarily eaten in general furnish 
comparatively little of those elements, notably calcium and phos¬ 
phorus, which alone deserve more serious consideration in the 
selection of the dietary.'^ Hence they merit less attention from 
the standpoint of their ^hnineral nutrients.” It has long been 
appreciated, however, that some of the fruits have a potency, 
formerly quite inexplicable, in preventing the onset of scurvy 
under the conditions now known to permit its appearance. Since 
the demonstration that this malady is to be classed with the 
deficiency diseases, the rote of fruits as antiscorbutics has been 
widely investigated. The potency of the juice and inner peel 
of the orange, the juice of the lemon, and some of the rarer fruits, 
such as the tamarind, cocum, and mango,^ has been established 
experimentally on animals and man. On the other hand the 
antiscorbutic value of the West Indian lime, Citrus medica 
acida, long cherished by the public, has been demonstrated to be 
insignificant in comparison with the efficacy of other citrus fruits, 
Citrus fnedica Umonum} 

- The day’s food in war and peace,^ p. 76. 

^ McCollum, E. V., The newer knowdedge of nutrition, New York, 1919, 
142. 

^ Osborne, T. B., and Mendel, L. B., J. Biol, Chem., 1918, xxxiv, 131. 

" Chfck, H., Hume, E. M., and Skelton, K. F., Lancet, 1919, ii, 320. 

® Chick, H., Hume, E. M., and Skelton, B. F., Lancet, 1918, ii, 735. 
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According to Lewis" the banana contains some antiscorbutic 
vitamine. Hess and Unger® concluded from their investigations 
on scorbutic infants that ^'the banana possesses but mild anti¬ 
scorbutic virtuewhen compared to other common^ used fruits* 

lAitli respect to the distribution of the other vitamines—the 
so called fat-soluble A and water-soluble B—now recognized as 
pliysioiogicalty distinct accessory food factors, almost no experi¬ 
mental data are available. In the case of the banana Loeb and 
Northrop® have found that under aseptic conditions the fruit fly. 
Drosophila ampelophila, cannot be raised upon bananas, but will 
grow when yeast is supplied in addition. This suggests the pos¬ 
sibility of a deficiency of the banana in the water-soiuble vitamine 
.—a conclusion also reached by Siigiiira and Benedict^® from ex¬ 
periments on rats. 

Harden and Zilva^^ have concluded, as a result of a study of the 
action of adsorbents upon autolyzed yeast and orange juice 
(representing sources of antineuritic and antiscorbutic vitamine, 
respectively) and mixtures of them, that the two vitamines are 
not identical, because the potencies characteristic of them could 
be separated hj fullers^ earth or dialyzed iron. Incidentally 
these investigators state: ^^we have so far not come across a 
natural product which contains both [antineuritic and antiscor¬ 
butic factors] in quantities suitable for investigation” (p. 100). 
The impheation thus remains that orange juice exhibits only the 
antiscorbutic quality in noteworthy amounts.^® 


^ Lewis, H. B., J. Biol. Chem., 1919, xl, 91. 

® Hess, A. F., and Unger, L. J,, Am, J. Dis. Child., 1919, xvii, 221. 

® Loeb, J., and Northrop, J. H., J. Biol. Chem., 1916, xxvii, 309. North¬ 
rop, J. H., J. Biol. Chem., 1917, xxx, 181. 

Sugiiira, Iv., and Benedict, S. E,., J, Biol. Chem., 1918, xxxvi, 171. 

Harden, A., and Ziiva, S. S., Biochem. 1918, xii, 93. 

In a paper which has appeared since this manuscript was prepared, 
Byfield, Daniels, and Loughlin have reported that in experiments on babies 
and on rats growth, as evidenced by the weight curv^es, was in all cases 
stimulated when orange juice was given. On the other hand, orange juice 
from which the antineuritic vitamin has been removed was without influ¬ 
ence.’^ To these investigators “it appears that the appetite factor plays 
only a minor role in the stimulating effect of the water soluble vitamin on 
growth, provided a nearly adequate amount is being given.” They also 
conclude that “Orange juice from which the antineuritic vitamin is 
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Experiments with Fruits as Sources of Vitaniines}^ 

Methods of Feedmg~The routine customary in our laboratory 
in nutrition experiments on albino rats has been followed in this 
investigation of the fruits. The standard food mixture consisted of 

per cent 


Meat residue. 19.6 

Salt mixture"^'. 4.0 

Starch. 52.4 

Butter fat. 9.0 

Lard. 15,0 


"'For composition of salt mixture see Osborne, T. B., and Mendel, 
L. B., J. Biol, Chem., 1919, xxxvii, 557. 

This was selected^ in accord with earlier experience/^ to furnish 
a diet free from water-soluble vitamine (B). The possible pres¬ 
ence of the latter in the various fruits was tested for by furnishing 
daily a measured amount of the fresh fruit, the fruit juice, or 
dried products thereof apart from the rest of the ration. In a 
few cases the addendum was incorporated in the food mixture, 
but as a rule it was supplied separately so as not to alter the 
flavor or palatability of the standard diet. The effects of the 
presence or removal of the fruit products on nutrition as expressed 
in food intake and body weight are shown in selected tables and 
charts in the appendix. 

Orange ,—The fresh juice, prepared by squeezing the skinned 
oranges, i,e. the edible portion,contains sufficient water-soluble 
vitamine to promote growth in rats at about the same rate as do 

removed by adsorption does not stimulate growth. This would seem to 
indicate that the antiscorbutic vitamin lacks growth-stimulating prop¬ 
erties” (Byfield, A. H., Daniels, A. L., and Loiighlin, R., A?n. J. Dis, 
Child., 1920, xix, 349). 

A preliminary notice of some of the results obtained was published 
by Osborne, T. B., and Mendel, L. B., Proc, Soc. Bxv. BioL and Med., 
1919, xvii, 46. 

Osborne, T. B., Wakeman, A. J., and Ferry, E. L., J. Biol. Chem., 
1919, xxxix, 35. 

^ ^ Data reprding this are given by Joslin, E. P., The treatment of 
diabetes mellitus, Philadelphia and New York, 2nd edition, 1917, 265. 
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tlie same volumes of This is apparent from Charts I and 

II in which the effects of varying daily doses (2.5 cc., 5 cc., 10 
cc.) of orange juice as the source of water-soluble vitamine upon 
the growth of rats are showm. In our similar experiments with 
cow’s milk a daily intake of at least 10 to 15 cc. was needed to 
produce growth at a rate approaching the average. Illustrative 
data regarding food intakes in the orange experiments are sum¬ 
marized in Table I. The fall in body weight accompanying the 
decline in food intake w’’hen the feeding of orange juice ^vas dis¬ 
continued is indicated in Chart I (Rats 6106, 6127, 6141) and in 
Chart II (Rats 6333, 6338), as well as the characteristic restora¬ 
tion following renewed administration of this fruit product. That 
the advantage of the latter is attributable merely to increased 
calories (sugar, fruit acids, etc.), i.e, to supplementing the basal 
diet, is not a tenable assumption. 

Orange juice was desiccated by preliminary concentration in 
vacuo and drying upon starch in a current of warm air. This 
dry product,fed in quantities equivalent to measured portions 
of fresh orange juice, was apparentb^^ of equal potency as a source 
of water-soluble vitamine (B) (Chart II). Givens and McClu- 
gage^® have shown that the antiscorbutic properties of orange 
Juice are likewise not lost by suitable desiccation. 

Inasmuch as it has been found by Hess and his associates^® 
that the inner peel of the orange has considerable antiscorbutic 
potency we tested this product both fresh and dried for water- 
soluble B. When the x'ats would eat the peel, doses represent- 


Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1918, xxxiv, 537; 
J. Biol. Chem., 1920, xli, 515. In their recently published observations 
upon the growth-promoting effects of orange juice on rats, Byfield, Daniels, 
and Loughlin^^ showed that, with a ration essentially like our standard 
diet, 55 cc. of orange juice per 100 gm. of food were insufficient to pro¬ 
mote maximal growth, 75 cc. per 100 gm. being more efficacious. Our own 
data are given in Table I. 

We have lately fed such materials in the form of tablets compressed 
with a machine which secures accurate regulation of dosage. 

Givens, M. H., and McClugage, H. B., Am. J. Dis. Child., 1919, 
xviii, 30. 

Hess, A. F., and Fish, M., Aw. J. Dis. Child., 1914, viii, 385. Hess, 
A. F., and Unger, L. J., J. Biol. Chem., 1918, xxxv, 487. Hess, A. F., 
J. Am. Med. Ass7i., 1918, Ixxi, 941. 
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ing 5 gill, per clay were Cjuite efficacious (Chart III). The fail¬ 
ure to grow vigorously^ which is shown during the earlier periods 
in the records of P^^ats 6134, 6137, and 6138, is associated with 
the refusal to consume entirely the portions of peel offered to 
them daily. 

Lemon}^ —The procedure with lemon juice was essentially 
like that for the orange, dried products being tested. The qiian™ 
titathre relations are about the same, quantities less than 10 cc. 
of juice per day being insufficient as sources of the water-soluble 
vitamine for growing rats (Chart IV). 

Grcipefndt }^—Desiccated juice prepared from the edible por¬ 
tion was used ill quantities equivalent to 10 cc. of the fresh juice 
(Chart V). It contains water-soluble vitamine. 

Grape, —A commercial grape juice (Welches) used in 10 cc. 
doses of the fluid or its equivalent desiccated on starch was tested 
(Chart VI). Compared volume for volume these products were 
far less potent than orange, lemon, or grapefruit juices. 

Apple and Pear, —In the case of these fruits their bulky char¬ 
acter made it practical^ impossible to feed to a rat more than 
10 gill, of the fresh product per day without a reduction of the 
essential basal ration to a quantity incompatible with mainte¬ 
nance. That some water-soluble vitamine is furnished by apples 
and pears is shown by the rapid declines when these are with¬ 
drawn from the otherwise adequate diet (Charts VII and VIII). 
In several cases the superior potency of 0.1 to 0.2 gm. of dried 
brewery yeast per day is shown by contrast. A few preliminary 
tests with the juice expressed from 10 gm. of apple showed no 
advantage over the more bulky fresh fruit (Chart VII), 

Prime, —Tests with primes showed that, fed in 2 and 5 gm. 
daily portions, they are not devoid of water-soluble vitamine 
(B); the gains made w^ere decidedly greater than those exhibited 
in the experiments with apples and pears (Chart IX). 

Do the Fruits Contain the Fat-Soluble Vitaminef 

Our experiments to secure an answer to this question are not 
yet completed. .The indications are, however, that the juices of 
the lemon and grapefruit respectively, fed in the equivalent of 
10 cc. daily doses, do not contain sufficient fat-soluble vitamine 
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to avert the decline in body weight or to heal the eye disease 
(xerophthalmia, keratomalacia) which may ensue when animals 
are kept for some time on a diet devoid of the fat-soluble factor* 
Since as little as 0.1 gm. of butter fat per day may suffice to re¬ 
store these animals to health it seems unlikely at the present 
stage of our investigation that the juices of t}i(‘.se fruits contain 
more than traces, if any, of the fat-soluble vitamine. In the 
case of the orange, preliminary tests indicate that a supply of 
dried juice has averted or at least delayed the symptoms just 
referred to as characteristic of a regime lacking fat-soluble vit¬ 
amine. The observations are as yet too limited in number to 
permit a final decision on this point. 

SUMMAKY. 

The fresh juices of the edible parts of the orange^ lemon^ and 
grapefruit contain water-soluble (B) vitamine. Their potency 
in this respect is quite similar to that of comparable volumes of 
cow^s milk. The efficiency of these fruit juices is not lost by 
suitable modes of desiccation. A sample of grape juice tested 
was less potent than equal volumes of the fruit juices just 
mentioned. 

The edible portions of apples and pears furnish some water- 
soluble vitamine; the quantity of these fruits necessary to supply 
this dietary essential is relatively very large, so that from a con- 
parativc standpoint they cannot be regarded as rich in this food 
factor. Pi'unes apparently arc richer in the water-soluble 
vitamine. 

From prc'Jiminary exixaimenl-s it seems doubtful whether the 
Juices of the lemon or grapefruit contain mor(^ tlian traces, if 
any, of the fat-sohibk; vitamine. Our preliminary o)>servations 
upon orange juices arci i:n,dicative of some potency in this vitamine. 

The experiments with fruits place the dietary value of these 
foods, hitherto recommended because of their salt content, their 
laxative properties, or their antiscorbutic potency, in a new 
light as sources of water-soluble vitamine. 


THE JOUBNAL OF BIOI^OOICAL CHEMISTEY, VOL. XLU, NO. 3 
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EXPLANATION OF TABLES. 

The data here summarized indicate the successive weekly intakes (in 
gm.) of the basal ration by the rats for which the changes in body weight 
are represented graphically in the appended charts. The daily dose of 
the various fruit products (in equivalent cc. or gm.) is shown in bold¬ 
faced type at the beginning of each period. The figures may be studied in 
connection with the corresponding charts. 
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TABLE I. 


Orange Juice {Charts I and II). 


Rat 

G141cf. 

Rat 

01276". 

Eat 

GlOGd". 

Eat 

G25G9. 

Rat 

GSaScT. 

Rat 
0333 d’. 

Eat 

04270". 

Rat 

04280". 

Rat 

03750’. 

Rat 
0373 o’". 

Rat 

G372d". 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

5 cc. 

5 cc. 

6 cc. 

None. 

10 cc. 

10 cc. 

5 cc. 

5 cc. 

6 cc. 

5 cc. 

5 cc. 

53 

57 

t)4 

33 

32 

35 

44 

46 

31 

47 

35 

(?) 

(?) 

(?) 

28 

44 

4.0 

44 

37 

42 

47 

43 

10 cc. 

10 cc. 

10 cc. 

(?) 

52 

41 

21 

19 

36 

2.6 cc. 

2.6 cc. 

42 

49 

48 

5 cc. 

62 

47 

42 

39 

29 

41 

29 

39 

50 

46 

44 

53 

47 

50 

30 

27 

37 

30 

47 

56 

50 

50 

59 

46 

28 

26 

30 

28 

25 

51 

48 

46 

4,5 

49 

4S 

33 

33 

22 

20 

24 

51 

50 

46 

41 

None. 

None. 

37 

37 

18 

27 

24 

54 

47 

51 

33 

38 

3S 

37 

36 

23 

28 

21 

(?) 

54 

• 56 

40 

21 

37 

10 cc. 

10 cc. 

28 

28 

27 

65 

45 

54. 

51 

(?) 

20 

57 

44 

26 

28 

20 

60 

54 

54 

39 

6 cc. 

6 cc. 

65 

54 

23 

22 

24 

63 

59 

50 


40 

31 



10 cc. 

17 

24 

56 

51 

57 


27 

29 



34 

15 mg. 

16 mg. 

48 

54 

49 


31 

29 



20 

yeast 

yeast 

None. 

None. 

None. 


37 

25 



32 

fraction. 

fraction. 

30 

32 

44. 


28 

22 




■17 

39 

22 

35 

26) 


29 

32 




•16 

38 

10 cc. 

37 

(?) 


34 i 

25 




53 

42 

56 

10 cc. 

3;] 


36 

10 cc. 






67 

56 ! 

29 


10 cc. 

34 1 






55 

60 

31 


41 

39 







64 j 

2(') 

i 

53 

51) 1 


i 





47 1 

27 










48 

6 cc. 










0.2 

42 










gm. 

46 










yeast. 

75 

65 

!1 

45 

3t.) 

‘•'.0 











34 

42 

None. 











26 











14 











Dead. 
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TABLE II. 


Orange Inner Peel {Chart III). 


Rat 63520?. 

Rat 6354c?. 

Rat 6138c?. 

Rat 6137c?. 

Rat 6134c?. 

gm. ' 

gm. 

gm. 

gm. 

gm. 

§ gm. 

& gm. 

5 gm. 

6 gm. 

5 gm. 

(?) 

(?) 

54 

60 

51 

48 

37 

53 

54 

45 

55 1 

43 

45 

48 

38 

42 

37 

36 

37 

33 

47 

34 

44 

44 ! 

37 

37 

32 

37 

56 

42 

32 

33 * 

40 

55 

39 

31 

36 

40 

47 

40 

29 

51 

45 

51 

53 

16 

46 

44 

51 

52 

36 

48 

46 

39 

46 

37 

48 

64 

47 

49 

34 

58 

69 

Hone. 

None. 

25 

1 52 

70 

34 

22 

30 

56 

62 

(?) 

19 

33 

57 

41 

0.4 gm. yeast. 

Dead, 

None. 

Hone. 

59 

69 


27 

31 

64 

82 


Dead. 

24 

58 





58 
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TABLE in. 


Lemon Juice (Chart IV). 


Rat 6325 c?’. 

Eat 6324c?’. 

Eat 6329c?'. 

Eat 6441c?’. 

Eat 6442c?'. 

grn. 

gm. 

gm. 

gm. 

gm. 

5 cc. 

5 cc. 

5 cc. 

2.5 cc. 

2.5 cc. 

27 

25 

25 

31 

28 

33 

36 

32 

38 

30 

35 

30 

37 

27 

33 

10 cc. 

10 cc. 

10 cc. 

27 

27 

44 

40 

48 

27 

Dead. 

67 

35 

(?) 

27 


56 

41 

54 

10 cc. 


46 

40 

52 

29 


59 

45 

57 



None. 

None. 

None. 



42 

39 

(?) 



22 

19 i 

37 



22 

15 

(?) 



5 cc. 

5 cc. 

5 cc. 



44 1 

40 

40 



42 

29 

35 i 



46 

34 

30 



41 

27 

40 



39 

35 

37 



36 

28 

34 



40 

34 

31 



35 

30 

30 
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TABLE IV. 


Grapefruit {Chart T). 


Rat 03960”. 

! 

i RatGSOQcf. 

Rat 6394 o'. 

gm. 

gm. 

gin. 

10 cc. 

10 cc. 

10 cc. 

35 

45 

38 

47 

. 50 

38 

55 

41 

43 

5S 

50 

^45 

49 

38 

45 

50 

44 

31 

48 

43 

; 23 

42 

33 

31 

36 

42 

33 

35 

1 38 

32 

33 

' 34 

17 

51 

If one. 

34 

60 

28 

35 

56 

30 

38 


36 
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TABLE V. 


Grape (Chart VI). 


Kat 6381 0 ^. 

Rat 63770^. 

Rat 6380c?. 

Rat G330 9, 

Rat 63379. 

gm. 

gm. 

g7ti. 

g7n. 

gm. 

10 cc. 

10 cc. 

10 cc. 

None. 

None. 

38 

41 

37 

29 

29 

33 

32 

41 

32 

33 

43 

46 

43 

20 

18 

CO 

33 

25 

10 cc. 

10 cc. 

35 

39 

27 

20 

24 

35 

33 

30 

25 

18 

31 

26 

29 

23 

32 

35 

40 

23 

22 

28 

34 

45 

30 

28 

26 

^ 28 

40 

33 1 

29 1 

20 

27 

29 

29 

29 

21 

30 

33 

23 

31 

33 

None. 

35 

None. 

29 

25 

(?) 

3S 

24 

24 

26 

(?) 


22 

37 

18 

(?) 


■ 27 

29 

26 




21 

22 




31 

28 




None. 

None. 




18 

17 




20 

22 




Dead. 

Dead. 
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TABLE VI. 


Apple {Chart VII). 


Rat 

59S6c?. 

Rat 
5946cf. 

Rat 

5974d’. 

Rat 

5971cr. 

gm. 

gm. 

gm. 

gm. 

4 gm. 

None. 

None. 

None. 

57 

(?) 

3S 

oS 

56 

43 

(?) 

30 

42 

26 

4 gm. 

(?) 

10 gm. 

4 gm. 

38 

4 gm. 

31 

24 

8 gm. 

20 

43 

(?) 

34 

8 gm. 

35 

0.2 gm. 

36 

35 

32 

yeast. 

10 gm. 

32 

41 

51 

34 

10 gm. 

39 

(?) 

45 

28 

34 

10 gm. 

41 

32 

36 

45 

39 

34 

38 

50 

37 

29 

33 

37 

31 

31 

0.2 gm. 

34 

28 

23 

yeast. 

31 

36 

27 

79 

31 

33 

27 

54 

31 

34 

30 

53 

51 

37 

36 

None. 

49 

22 

(?) 

0.2 gm. 
yeast. 
68 

52 

52 

0.2 gm. 
yeast. 
73 

62 

66 

29 

0.2 gm. 
yeast. 
71 

51 

50 


Rat 

61350?- 

Rat 

6129ci’. 

Rat 

6133c?. 

Rat 

6340c?. 

Rat 
6339 c?. 

gm. 

gm. 

gm. 

gm. 

gm. 

5 gm. 

5 gm. 

6 gm. 

5 cc. 

5 cc. 

(?) 

(?) 

(?) 

30 

22 

40 

41 

39 

39 

29 

31 

38 

28 

34 

28 

10 gm. 

(?) 

10 gm. 

26 

28 

29 

10 gm. 

20 

22 

25 

40 

36 

27 

(?) 

10 cc. 

28 

28 

24 

10 cc. 

29 

38 

37 

28 

22 

20 

32 

25 

26 

0.1 gm. 

0.1 gm. 

33 

28 

24 

yeast. 

yeast. 

29 

41 

19 

31 

44 

36 

37 

Dead. 

41 

43 

None. 

24 

Dead. 

None, 

Dead. 


49 

39 
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TABLE VII. 


Pear {Chari VlII). 


Rat 62540^. 

Rat G240cf. 

Rat0139cf. 

, Rat 6122c?. 

Rat 6131c?. 

gm. 

gm. 

gm. 

gm. 

gm. 

10 gm. 

10 gm. 

6 gm. 

B gm. 

6 gm. 

35 

31 

(?) 

(?) 

(?) 

45 

34 

34 

49 

37 

46 

36 

29 

33 

27 

36 

32 

29 

10 gm. 

24 

41 

39 


33 

20 

34 

37 1 


27 

32 

22 

37 


27 

30 

0,2 gm. yeast. 

None. 


32 

30 

60 

15 


38 

31 

54 

(?) 


44 

31 

64 

0.2 gm. yeast. 


42 

32 


39 


44 

29 


42 


38 

10 gm. 


44 


31 

25 




0.2 gm. yeast. 

31 




83 

32 




73 

32 




67 

None. 

25 

Dead. 


TABLE VIII. 
Prime {Chart IX). 


Rat 6477c?, 

Rat 6474c?. 

Rat 6458c?'. 

Rat 6478c?’. 

Rat 6429 c?’. 

Rat 6449 c?. 

gm. 

gm. 

gyn. ! 

gm. \ 

gm. 

gm. 

2 gm. 

2 gm. 

2 gm. 

5 gm. 

5 gm. 

B gm. 

29 

22 

26 

19 

43 

31 

44 

37 

39 

49 

48 

46 

53 

46 

47 

1 gm. 

48 

42 


38 

38 

51 

27 

33 


57 

36 


48 

34 





53 

34 





46 

55 





48 






41 






2 gm» 






34 






48 
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EXPLANATION OF CHARTS. 

In the following charts showing changes in body weight the uninter¬ 
rupted lines represent the periods during which the indicated quantities 
of the various fruits, estimated on the fresh basis, ^vere fed daily. During 

the periods represented by the dotted line (-) no water-soluble 

vitamine whatever was fed. In a number of the experiments dried brewery 
yeast was used for comparison as a source of the water-soluble vitamine 

during the periods represented by the interrupted line (-). The 

rapid restoration of weight when fruits have been used as the source of 
water-soluble vitamine after a period of decline in body weight upon 
rations devoid of this food factor is characteristic of what we have pre¬ 
viously termed the curve of repair.’^ Under these circumstances quanti¬ 
ties of the fruits wdiich are insufficient during the ordinary course of 
growth to promote the maximum increment of weight may suffice to secure 
rapid restoration in size. 
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Chart III. 
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Ghaut V. 





initlel Body weight 
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Chart VI. 
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Chart VIIL 
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WATER-SOLUBLE VITA21INE IN PRUNES 

/ 

/ 

/ 



Chart IX. 


;20 grams: 




ANTISCORBUTIC PROPERTY OF VEGETABLES* 

II. AN EXPERIMENTAL STUDY OF RAW AND DRIED POTATOES, 
By MAURICE H. GIVENS and HARRY B. McCLUGAGE. 

{From, the Department of Physiology, University of Rochester, Rochester.) 

(Received for publication, May 4, 1920.) 

Tiie possibilities of preserving foods by desiccation are becom- 
ing recognized more and nioro. From some points of view drying 
is undoubtedly |)reforable to a great many other manipulations of 
foods to attain this cmd. However, such procedures shoidd not be 
adopted without scdxmtific proof that they do not affect adversely 
the foods deiiydrated. 

As part of a scuies of studies on the question whether or not 
the antiscorbutic vitainine in certain foods is destroyed at definite 
temperatures during drying we have already reported that under 
certain conditions cabbage (1), tomatoes (2), and orange juice (3) 
can be dehydrated so that the resultant dried products retain a 
significant arnount of the antisemwy vitamine. Data are re¬ 
ported herein concerning the antiscorbutic value of potatoes sub¬ 
jected to various temperatures and Heatments. 

The white potato is probaldy oyr most staple article of diet. 
Several investigations have been conducted to determine the 
value of its nitrogen-containing compounds (4-6), Biological 
experiments tiro available concerning its content of inorganic 
salts and water- and fat-soluble vitarnines (7). The antiscor¬ 
butic prop(U’ty of tlie potato has been studied somewhat, Init wc 
arc in need of more information upon this point (1, 8-10), 

General Procedure and Methods, 

Details of the general procedure and methods are described in 
the first paper of this series (1). The experimental animals were 
Inailthy young guinea pigs. The basal diet used to produce 

491 
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scurvy was made of heated soy bean flour, milk, yeast, paper 
pulp, calcium lactate, and sodium chloride in the proportions 
hitherto reported. Tap water was offered to the aiiiriials ad 
libitum. Necropsies were performed as soon as possible after 
death. Scurvy was diagnosed on the basis of the usual clinical 
manifestations and postmortem findings. The occurrence of 
pneumonia in some of the animals is ascribed to the possibility 
that their general resistance was lowered owing to the minimal 
intake of antiscorbutic vitamine. Almost all the experiments 
later described are of the preventive type. 

Potatoes were fed raw and cooked. The daily allotment of 
the undried samples was 10 gm. per animal. The dried potatoes 
or potatoes dried and cooked were fed to each animal in daify 
quantities of 2.5 gm. On this basis every animal received ap¬ 
proximately the same amount of total solids of potatoes equiva¬ 
lent to that contained in 10 gm. of the raw material. When raw 
potatoes were cooked they were chopped very finely, boiling tap 
water was poured on them, and the water was kept boiling for 
15 minutes. 'When the dried potatoes were cooked, the powdered 
material was suspended in a little cold water, poured into boiling- 
water, and the whole boiled for 15 minutes. Potatoes baked and 
dried were fed as a paste. 

Treatment of Potatoes. 

In the study of potatoes subjected to different treatments, 
especial emphasis has been placed on a consideration of dried 
potatoes. The temperature of drying and the treatment previous 
to drying have varied. All potatoes dried, witli the exception of 
those baked and dried, were first peeled. The precaution to slice 
the potatocKS and remove the eyes was taken l)ecause the nitrogen 
content of the skin is higher than that of the body of tlie potato. 
At present we do not know to what extent the antiscorbutic 
vitamine may be associated with protein, particularly cellular 
material. The drying of all samples except Sample F was by 
means of hot air in a specially constructed apparatus (2). 

The different ranges of temperature of drying were 35-40®, 
55-60®, 75-80®, and baking at 204®, and then drying at 35-40®C. 
Potatoes dried at the first three ranges of temperature were 
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TABLE I. 


Sample No. 

Date dried. 

Date started using. 

Date finished using. 

Duration of 
drying. 

Potatoes dried at 35-40° C. 


1918 

1918 

1918 

hrs. 

1 

July 10 

July 12 

July 30 

6-8 

2 

“ 2 

“ 31 

Aug. 12 

6-8 

3 

a 3 

Aug. 13 

Sept. 16 

6-8 

4 

a 2 

Sept. 17 

Oct. 14 

6-8 

SIA 

Oct. 10 

Oct. 15 

Nov. 2 

6 

SIB 

“ 10 

Nov. 3 

“ 23 


Potatoes dried at 55-60°C. 

7 

July 10 

July 12 

July 29 

7 

16(2) 

23 

30 

Aug. 12 

6i 

19(1) 

Aug. 1 

Aug. 13 

26 

4 

12 

July 17 

« 27 

31 

Oi 

26(1) 

Aug. 17 

Sept. 1 

Oct. 2 

4i 

27(1, 2) 

19 

Oct. 3 

Nov. 13 

4J 

Potatoes dried at 75-S0°C. 

73(1, 2) 

Oct. 7 

Oct. 15 

Dec. 4 

3 




1919 


74(1, 2) 

.4 7 • 

Dec. 5 

Jan. 18 

Si 


1919 

1919 



189 

Jan. 11 

Jan. 19 

“ 29 

2 

190 

11 

30 

Feb. 8 

2i ■ 

Potatoes baked at 204°G, and dried at 35-40°C. 


1918 

1918 

1918 


109(1, 2) 

Oct. 25 

Oct. 29 

Nov. 26 

7| 




1019 


114(1, 2) 

‘‘ 31 

Nov. 27 1 

Jan. 13 

7i 



1919 



14S(1) 

Nov. 21 

Jan, 4 

Feb. 5 

Si 

Potatoes treated with TICl and dried at 55-()0°C. 



1918 

1918 


07(1, 2) 

Oct. 4 

Oct. 5 

' Nov. 6 

4i 

Potatoes treated with acetic acid and dried at 55-60°C. 

52(1, 2) 

Sept. 21 

Sept. 30 

Nov. 2 

4i 

Potatoes dried in vacuo at 55-60°C. 




1919 


F 

Oct. 15 

Dec. 23 

Feb. 11 

10 



494 Antiscorbutic Property of Vegetables, II 


sliced iiriifomily with a slieer in the open air and placed, in the 
drier in veiy thin layers for desiccation. Tlie bak(3d and dried 
potatoes were placed in an oven at 204°(t, kept tliere for 45 to 55 
minutes until tlic}^ were soft, then removed ant! scraped out of 
the shells, put through a ricer, and placed in the drier in thin 
layers on cheese-cloth to be dried at 35~40°C. 

The Sample F potatoes were desiccated in a vaciiuni drier after 
they had been sliced under water and dehydrated at a tempera¬ 
ture of 55~60°C. for approximately 10 hours under a pressure of 
less than 2 inches of niercury.i 

T“wo lots of potatoes were treated with acid before drying. One 
lot was sliced and kept in approximately 2 per cent acetic acid 
for 1.8 to 20 hours; the other in approximately 0.2 per cent Ii^^dro- 
chloric acid for the same length of time. Tlic slices were then 
taken out of the acid, rolled in towels, and desiccated in the 
special drier. Two other lots of potatoes were sliced and steamed 
for 4 minutes before dr^ung at 55-60®C. 

All the dried potatoes were gray-colored except those sliced 
under water and dried in a vacuum, those treated with acid 
before drying, those baked and dried, and those steanied and 
dried. This would seem to indicate that enzyme action had 
been either inhibited or destroyed in these last named products. 
Details of drying and using are given in Table L 

• RESULTS. 

It has been demonstrated that a guinea pig fed the basal soy 
cake diet alone will develop clinical manifestations of scurvy in 
2 to 3 weeks. Unless at tins juncture proper measures are insti¬ 
tuted the animal will die in about a wecik. A critical review of 
the appended charts shows the following results with differently 
treated potatoes tested as antiscorbutic supplements to the basal 
soy cake diet. 

In Chart I it is seen that 10 gm. of raw white potato have pro¬ 
tected the guinea pigs against scurvy for the duration of the 
experiment, 129 days—a period in some cases at least six times as 
long as that in which scurvj^ would have developed in the absence 
of antiscorbutic material. 

^ Our best thanks are due Dr. K. G. Falk for kindly supplying us with 
this material. 
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Chart II represents a number of animals which received dail}?- 
10 gin. of raw potatoes cooked in water at 100°C. for 15 minutes. 
Tliere has lieen no appreciable reduction of the antiscorbutic 
potency of the potato by this treatment. Howovcrj such is not 
the case if the cooking at 100°C. is continued for 1 hour as slioAvn 
in (diart IV. 

Chart III shows that the antiscorbutic vitamine in raw pota¬ 
toes cooked for 15 minutes at 100®C. in a weak acid solution, as 
0.5 per cent citric acid, is not entirely destroyed by such treatment. 

Chart V shows the outcome of feeding daily 2.5 gm. of vacuum- 
dried potatoes heated in water for 15 minutes at lOO^C. The 
results are not conclusive but indicate that a great part of the 
antiscorbutic vitamine has been destroyed by this treatment. 

Chart VI represents a set of animals to which were fed potatoes 
dried at 35-40°C. for 6 to 8 hours. Such treatment yields a 
driech potato which has lost a significant amount of its anti¬ 
scorbutic potency. A large enough supplement of such potato 
may afford a slight protection but if the product is heated for 15 
minutes in water at lOO^Ch its value as an antiscorbutic agent is 
further lessened (Chart VII). 

Chart VIII demonstrates that potatoes dried in a blast of air 
at 55~60®C. for 4 to 6 hours retain some of the antiscorbutic 
vitamine. However, the quantity of this unknown is further 
reduced by heating the potatoes in water at 100®C. for 15 mimites 
(Chart IX). 

Charts X and XI show that potatoes dried at 75-80°C. for 
2 to 3 hours do not retain so much of the antiscorbutic vitamine 
as potatoes dried at 55-60°(b for 4 to G hours. This statement 
is based on the fact that several animals showed signs of scurvy 
on tlie raw dried potatoes (Chart X) and those guinea pigs repre¬ 
sented in Chart XI died in about the usual length of time from 
the divSease. Both of these facts are in striking contrast to the 
results in Charts VIII and IX. 

Chart XII shows that potatoes first heated in the skins at a 
high temperature and then diied at a low temperature retain 
enough of the antiscorbutic vitamine in the daily allotment fed 
to afford the animals protection against scurvy. 

Charts XIII and XIV show that treatment with dilute acid 
' (either mineral or organic) before drying does not improve the 
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method of desiccation so far as the antiscorbutic vitaraine is 

concerned. 

Chart XV shows the result of feeding potatoes steamed 4 
minutes and then dried at 55“G0°C. This procedure apparently 
does not destroy all the antiscorbutic vitainiiie as some protection 
was afforded the animals. 

Chart XVI shows that potatoes steamed 4 minutes and then 
dried at 55~-60°C. and cooked 15 minutes in boiling water are no 
longer antiscorbutic agents. 

Chart XVII shows that the skins from baked potatoes when 
dried at 35“40°C. possess no antiscorbutic value. 

DISCUSSION. 

Attempts have been made by Holst and Frolich (8) and by 
Chick and Himie (9) to demonstrate experimentally with guinea 
pigs that raw potatoes contain antiscorbutic material These 
investigators failed to succeed because they could not induce 
the animals to eat the raw food. A little difficulty of this nature 
was experienced by us with only one animal (Chart I). The 
reason for our success is attributed to the fact that animals 6 to 
8 weeks of age were used and presumably they had not yet devel¬ 
oped a discriminative taste. The amount of raw potato fed per 
guinea pig per day (10 gm.) was the same as has been reported 
satisfactory for cabbage and tomatoes. That the actual intake 
of antiscorbutic vitamine was not tlie same per gm. of substance 
of each of these foods is very probable if wc associate this sul.)- 
stance with either the water or total solid content of the foods. 
The minimal amount of raw potato whicli will protect a guinea 
pig against scurvy has not been determined. Howcwor, that 
slightly less than 10 gm. per day is about the lower limit to suffices 
for protection is indicated from the feeding curve of Animal 204 
which from the 35th clay to the termination of the experiment, 
108 days, consumed on an average about 7 gm. of raw potato daily. 

The- influence of heat upon the antiscorbutic vitamine appears 
to be related not only to the degree of temperature but to the 
duration of the treatment, the reaction, the enzymes present, and 
the manner of heating. 



M. Givens and H, B, McClugage 497 


A temperature of 35-40°C. for 6 to 8 hours seems to be more 
destructive than 55~60°C. for 4 to 6 hours, and the latter is 
scarcely as destructive as 75“80°C. for 2 to 3 hours. This con¬ 
clusion is based on the results obtained with potatoes dried at 
these temperatures and fed uncooked and cooked for 15 minutes 
at 100°C. With 2.5 gm. of potatoes dried at 35-40°C. and fed 
without further treatment, death from scurvy was slightly 
dela 3 md; with 5 gm. life was certainly prolonged. One out of 
four animals on a daily dose of 2.5 gm. of potatoes dried at 55~60°C. 
showed signs of scurvy at death; also one out of three animals on 
potatoes dried at 75“~80°C. showed signs of scurvy at death. If 
these dried products are further heated in water at a temperature 
of 100°C. for 15 minutes and then fed to guinea pigs in amounts 
equivalent to 2,5 gm. of dried material, there is certainly no pro¬ 
tection with the 35"-40®C. and 75-80®C. products while there is 
some with the 55~60°C. material. 

When potatoes arc baked for a short time at a high tempera¬ 
ture and then dried, a product is obtained which affords protec¬ 
tion against scurvy. Thus it appears possible that the factors 
involved in the destruction of the antiscorbutic vitamine are 
not only the degree of heat and the duration of the heating but 
also the enzyme content and the reaction of the food being dried. 
Until further light is thrown upon the problem it seems plausible 
to assume that at any temperature below 80®C. the enz^mies are 
functionating. For example, all potatoes dehydrated below this 
temperature darkened during the desiccation. Furthermore, 
samples of these same products tested 9 months after drying 
showed that they still contained oxidases. The temperature of 
35-:IO'^(\ is probably the optimum one for the enzymic action; 
and the duration of drying at this temperature being verjr long 
allows several hours for continuous activity. In the case of 
drying at 55-™60®C. and 75"-80°C. there is undoubtedly some 
enz 3 uue action, but the time is reduced. The slight difference in 
the antiscorbutic value between the products dried at 55-60°C, 
and at 75™80®C. and then cooked may be accounted for on the 
basis that at the higher tempez’ature there is more destruction 
due to the duration of this greater heating and to the reaction. 
In the case of baking and dr 3 dng the enzymes are destroyed in a 
very short time; also the product is subjected to the high tern- 
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peratiire for a short period and thus liigh heat and I'caicfioa have 
little time to act togctJier. 

It was thought that vsoinc light could bo tlirowii ufioii the 
possible effect of enzyme activity and reaction by s(,(\‘uising ilic 
potatoes and by treating them with dilute acids bofot'c drying. 
These procedures undoubtedly destroyed the enzynu\s and per¬ 
mitted a distinct acid reaction during the course of drying, as 
proved by projicr tests. Nevertheless the resultant dried pro¬ 
ducts ^vere unsatisfactory. The above manipulations are open to 
criticism in several respects: the acid may have extracted most of 
the antiscorbutic mateifal; or it may have decomposed it; or the 
combined heat and acid may have destroyed tlie vitainine. 

Holst and Frolich thought that actives constituent of 

antiscorbutic food must be of an enzyme nature liecausc exceed¬ 
ingly small amounts of antiscorbutic food exerciser such specific 
action and the substance in some cases is thermolabile.'’ The 
results with raw potatoes heated at lOO^Ch and at 2()FC. and 
dried do not support such a contention; they do, however, lend 
defense to the idea that enzymes under favorable conditions of 
temperature and reaction may play a role in the destruction of 
the antiscorbutic vitamine. 

What is the relation of growth and maintenance to the experi¬ 
mental diet employed and to scurvy? Givens and Cohen have 
found that their basal diet was perfectly satisfactory to produce 
normal growth in the rat. It is then logical to assume that the 
diet contains among its satisfactory components the fat-soluble 
and water-soluble vitamines. This idea is further supported by 
the fact that Givens and McClugage were able to maintain 
pigeons in good health for a veiy long period on this <liet. If 
this diet is fed alone to guinea pigs scurvy" will devidop. Growth, 
as indicated by an increase in weight, will proceed for a sliort 
time during the development of scurvy and is arreste<l only 
when the disease has progressed to a marked stage. Main¬ 
tenance can be secured for only a few days during tlie rapid 
development of the malnutrition. A decline sets in very sliortly 
and death soon follows unless a suitable addition of antiscorbutic 
vitamine to the dietary is made. 

The experiments herein reported lend striking confirmation 
to the belief that there is a third type of vitainine —one protecting 
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against sciirv}^ OHl)orno and Monde! (11) have found from 
long exi)(3riencc tlnit 0.2 gni. of dried brewer’s yeast per rat per 
day is sufficient to promote normal gi’owth. The basal diet used 
for producing scurvy contaii'icd more than twice that amount. 
There is no basis to warrant the allegation that the drying of the 
basal diet or potatoes has destroyed either the fat- or water- 
soluble vitarnine. Chick and Hume (9) and more recently 
Daniels and McClurg (12) have shown that the water-soluble 
vitarnine is not destroyed by long exposure to a temperature of 
100°C. -hurt iier more Osborne and Mendel (13) have reported 
that (h\ying spinach at 55“G0°C, does not apparently destroy 
either of the above named factors. 

In an interesting study of the dietary properties of the potato 
IMcCiollum and associates (7) have demonstrated that this food 
is detieicuit in calcium, sodium, chlorine, the quality of protein, 
and the fat-so]u}:>lo vitarnine. All these limiting factors have 
been supplied in the basal diet nsed in our experiments. 

Holst and Frolich were unable to induce guinea pigs to eat 
either fresh uiKHioked or dried uncooked potatoes. They there¬ 
fore resorted to the use of cooked potatoes. The cooking was 
for approximately | hour in salt water. As dried products they 
used commercially dried potatoes (concerning which no details 
are given other than the potatoes were first soaked in dilute 
sulfuric or hydrochloric acid before dehydrating), potatoes dried 
in the air at 37°(A, and some dried in vacuo at 30°C. The ani¬ 
mals r(‘edvcd no other food except potatoes. With fresh cooked 
|::>otido(.'s givcui ad lihitnvi there was apparently almost complete 
prot(‘ctioii from scurvy up to 127 days. However, death ensued 
soom^r or later a,nd tliere was a marked drop in weight of all 
animals. Hiis can lie explained now in the light of McCollum’s 
ex]}erim(ml,s with, rats whereby it has been determined that the 
potato is defici(‘nt in several respects. Holst and Frolich found 
witli f)otatoes comnuavially dried, air-dried at 37°C., and vacuum- 
dried at 30®C. and then cooked that there was no protection 
agai,nst scurvy. 

Our results with fresh potatoes cooked and with potatoes 
dried at 35-40^0. and cooked confirm those of Holst and Frolich. 
With fresh potatoes cooked the findings herein reported are in 
accord with the experience of Chick and Hume. 








Chart II. These curves show that a daily allotment of 10 gm. of raw potatoes cooked for 15 min¬ 
utes will protect guinea pigs against scurvy for a very long period. Most of these animals lived as 
long as those on raw potatoes, in Chart I, but one guinea pig (No. 206) had definite signs and two 
others questionable evidences of scurvy at death. It therefore seems safe to conclude that even heating 
the potato at 100°C. for 15 minutes docs slightly dimmish the content of antiscorbutic vitamine. 

5 gm, S F ” 5 gm. of heated soy bean flour added to the diet, 
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Key to Charts. 

Sup. = Supplemental intake. 

S. C == Basal soy cake diet. 

Pn. = Pneumonia. 

S — Scurvy. 

S? = Scurvy questionable. 

Pn.S? = Pneumonia with questionable scurvy. 

Pn I. = Pneumonia and impaction of the intestines. 

I “ Impaction of the intestines, cecum, 

? = Cause of death a question. 

OK = Animal apparently recovered. 

* = Termination of the experiment, 

t — Death. 

The growth curves, which are self-explanatory, are separated from the 
feeding curves by a large heavy base line which extends out to the left 
under the weight figures. The feeding curves, always at the bottom of 
the chart, are plotted on a basis of 4. In these curves there arc five equal 
subdivisions between the base lines. Consequently if an aiiimal were 
eating all his food the curves of supplemental and basal intakes would be 
parallel to the base lines four-fifths of the distance above tiiem. The 
number of the animal to which the feeding curves belong is always placed 
on the left opposite the base line separating the curve of supplemental 
intake (Sup.) from that of the intake of the basal diet (S. C). The curve 
of the supplemental intake is always above that of the basal food intake. 
The time relation is the same for all curves; that is, 20 days to each square. 

As an example of the food curves, take No. 203, Chart I. On the 1st 
day this animal ate one-fourth his supplemental intake, on the 2nd and 
3rd days one-half, and on the 4th day and every day thereafter he ate all 
of it. The basal diet curves (S. C) are read in the same way depending 
upon the depth of the break on the basis of 4. 



Chaet hi. 10 icm. of frc«h potatoes were cooked for 15 minutes in. 11 
cc. of 0.5 per cent citric acid and fed to tlio guinea pigs in this group. The 
volume of diluted acid chosen was such as to yield a very thick paste at 
the end of the cooking time. Unfortunately only two of the animals in 
this group consumed the entire daily supplement of potatoes and the 
experiments had to be terminated at 60 days for business reasons How¬ 
ever, the indications are that the amount of citric acid used was not de¬ 
structive and it may have been beneficial That the latter may be the 
case when the cooking is for 1 hour is noted in Chart IV. 
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Chakt V. "rhese curves represent the result of feocling potatoes dehy¬ 
drated at a low tempere<tiiro in vacuo. This mode of desiccating potatoes 
yields a product which is not entirely devoid of some antiscorbutic x>rop- 
erty if one can judge by the fact that the onset of scurvy has been delayed. 

5 — 5 gm. or a double dose of x>otatoes fed. 


THE jrOVENAH OP BIOLOGICAL CHEMISTBT, VOL. XLII, NO. 3 
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Chaet VII. These curves show that potatoes dehydrated at 35-"40®C. 
aud^theii cooked for 15 minutes at 100®C. afford no protection against 
scurvy. The amount here fed corresponds to 10 gm. of raw potatoes which, 
as is seen from Chart I, will protect guinea pigs against the disease. 
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Chart VIII. These curves demonstrate that potatoes dehydrated at 
5e5“-60°C. contain enough of the antiscorbutic essential to prevent the 
development of scurvy over a period three times as long as that in which 
the disease would appear if no protection were afforded. Three of the 
animals (Nos. 235, 225, 226) showed no signs of scurvy at the time of death 
(90 days after beginning the experiment); succumbing in the case of the 
first two to pneumonia and the other to an apparent impaction. No. 236 
would not eat the potatoes and accordingly developed scurvy; with 10 gm. 
of fresh tomatoes cooked 15 minutes at 100°C. it was cured and carried 
for over 100 days when removed from the experiment. No. 224 showed 
some external indications of scurvy, as tender joints, at 45 days; however, 
it shortly improved and at death, 45 days later, showed questionable signs 
of scurvy. 

T == Tomatoes introduced into the diet. 
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Chart IX. Potatoes dehydrated at 55-60X1 and then cooked for 15 
ininntes at lOOXJ, were fed the guinea pigs represented by the curves. 
The daily suppleinent was 2,5 gni. of dried material. None of the animals 
was protected against scurvy. Such antiscorbutkj potency as may remain 
after dehydration at 55-G0*C. is apparently rendered nil by the short cook¬ 
ing process at 100°C* 
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CiiAHT XL 2.5 gni. of potatoes dried at 75-"80°C. were cooked for 15 
iiimutcs at 100°C, and fed to this group of guinea pigs. No protection 
against scurvy was afforded the animals even when the dosage was doul)led. 
Again the destructive effect of cooking at lOO'^C. on the antiscorbutic 
vitaminc is shown. 

5 = 5 gm. or a double dose of potatoes fed. 
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Chaet XII, Potatoes were baked in the skins for 45 to 55 minutes at 
204°G., then scooped out, and dried at 35-40°C. This dried product was 
fed in 2.5 gm. doses daily and protected the guinea pigs against scurvy. 
All the animals died from pneumonia showing none of the lesions of scurvy. 
It seems indicated from these experiments that subjection for a short time 
to a high temperature and then drying at a low one is less destructive 
than drying at a low temperature alone. 
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OiiAiiT XII I. I’ottttoe.s were soukttcl over night in dilute [hydroolilorie 

acid, dried jd. and tlieu cooked for 15 mimites at 100*^0 2.5 gm. 

of dried itta,terial tio twatad a,Horded no [irotectioii against scurvy. In 
previous experiaiervis (Chart IX) it is seen that the animals lived longer 
on {lu^ ])()t{itoes dried at 5r>'*G0”(h and cooked 15 minutes than the animals 
rcjpixsseriied liy tlie al)ove curv<*H. The mineral acid in connection with 
the heat employed or tlie (jxtraction of the vitaminc by the acid treatment 
or both facitors combined lessened the antiscorbutic potency of the product. 
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Chakt XIV. Potatoes soaked over night in dilute aectic acid,- dried 
at 55-60°C., and then cooked for 15 minutes at 100°C. were fed to guinea 
pigs in this group. This product was ineffective in preventing scurvy. 
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Chaet XVL Potatoes were steamed for 4 minutes, dried at 
and cooked for 15 minutes at 100‘^C, A daily dose equivalent to 2.5 gm. of 
dried material failed to afford these animals any protection against s(airvy, 
even when the dose was doubled. 

5 = 5 gm. or a double dose of potatoes fed. 
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Chakt XVII. The potato shells from the baked potatoes were dried 
at 35-40®C, and 2.5 gm. fed daily. This material even in a double dose 
failed to protect the animals against scurvy. 

5-5 gm. or a double dose of potato shells fed. 



NEUTRALITY REGULATION IN CATTLE.* 

By N. R. BLATHERWICK. 

{From the Research Laboratories of the Dairy Division, Bureau of Animal 
Industry, United States Department of Agriculture.) 

(Received for publication, May 6, 1920.) 

Subsequent to the publication of a method for the determina¬ 
tion of the carbon dioxide-combining power of blood plasma by 
Van Slyke (1917), much of value has been contributed to our 
knowledge of the alkaline reserve of the animal body. Normal 
values and the changes produced by various pathological and 
experimental conditions have been established for a number of 
mammals. Naturally, the changes occurring in man have been 
most studied, and the amount of carbon dioxide which the plasma 
is able to hold in combination as bicarbonate is justly regarded 
as a convenient and accurate measurement of the alkaline reserve 
of the body. 

As far as I have learned, no one has attempted a study of the 
alkaline reserve of cattle. In the course of an investigation of 
the physiology of milk secretion in progress in this laboratory, it 
became of great importance to discover the changes occurring in 
the aoid-basc balance of cattle, and to attempt to gain an insight 
into the manner in which these animals maintain their tissue 
neutrality. 

It has long l)oen a well known fact that cows normally excrete 
a strongly alkaline urine which is loaded with carbonate, as shown 
by the violent ebullition of carbon dioxide when an acid is added. 
This strongly alkaline« reaction is justly referred to the diet of 
cows, one in which there is commonly a large excess of basic 
elements. On the other hand, calves which consume a.n approxi¬ 
mately neutral diet, milk, commonly excrete urines that are neutral 
or amphoteric to litmus. Judging from these facts one would 
expect calves to have a smaller alkaline reserve than cows. In- 

* Published with the permission of the Secretary of Agriculture. 
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deed there are many observations on man that lend support to 
this hypothesis. Marriott (1916, a) has shown tliat the blood of 
infants has a higher “fixed acidity^' than that of adults, and that 
the alveolar CO2 tension of infants is low (1916, 6). Children 
are known to be especially susceptible to acidotic conditions. 

Meigs, Blatherwick, and Cary (1919, a) have pointed ouii that 
the plasma of young calves contains more calcium than that of 
cows, and have suggested that this might be connected with a 
lower CO 2 capacity in the case of calves. Rona and Takahaslii 
(1913) studied the solubility of calcium in solutions of NaHCOs 
and show^ed that if the concentration of hydrogen ions remains 
constant the amount of calcium in solution varies inversely with 
the bicarbonate. This taken with the observations of Allers and 
Bondi (1907), wiio \YeTo able to double the concentration of the 
blood calcium by feeding hydrochloric acid to rabbits, made it 
desirable to determine the concentration of calcium and the carbon 
dioxide-combining power of plasma under various conditions. In 
several instances, estimations of the phosphorus content of plasma, 
and of the urinary excretion of calcium, phosphorus, ammonia,, 
and carbon dioxide have been made. 

M ethods. 

Carbon dioxide-combining power of plasma was determined by 
the well known method of Van Slyke (1917), calcium and phos¬ 
phorus by the methods described by Meigs, Blatherwick, and 
Cary (1919, a, 6), and ammonia in the urine by SteeFs (1910) 
modification of the Folin procedure. Estimations of the carbon 
dioxide content of urine were made in the Van Slyko apparatus. 
Many urines contain so much carbonate that a 1:4 dilution must 
be made and the determination carried out on this solution. 

Blood samples were obtained at about 9 a.m., approximately 4 
to 5 hours after the last feeding. Blood was taken from, the jug¬ 
ular vein through a large cannula. When blood is allowed to 
flow rapidly through a large cannula in this manner and is im¬ 
mediately centrifuged there is no appreciable loss of carbon 
dioxide. I have several times made check determinations with 
samples taken under paraffin oil and am fully convinced of this 
fact. Plasma from blood to which saturated sodium citrate so- 
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liition is added in 1 per cent concentration to prevent coagulation 
also gives the same values for CO 2 capacity, as does the corre¬ 
sponding plasma in which sodium oxalate is used as an aiiti- 
coagulaiitu 

On account of the inherent difficulties of obtaining 24 hour 
specimens of urine from cows, I have collected the first urine 
voided after the blood sample was secured. It is realized that 
the values from single specimens ma^^ vary somewhat from those 
obtaining for the urine of a complete day. However, it is thought 
that such results represent actual conditions closely enough for 
the purposes in view. 

Carbon Dioxide Capacity of Cow Plasma, 

Examination of the values shown in Table I reveals the remark¬ 
able constancy of the alkaline reserve of the cow. Twenty-two 
determinations of the CO 2 capacity of sixteen individuals gave an 
average value of 61.5 cc. of CO 2 bound by 100 cc. of plasma. 
The maximum and minimum figures were 68.3 and 55.1 cc., 
respectively. The table is aiTanged beginning with the lowest 
CO 2 capacity and extending to the highest, except when more 
than one determination has been made at a different date on an 
animal, in which case the values follow chronologically. No 
evidence of the acidosis of pregnancy observed in women by 
Hasselbalcli and Gammeltoft (1915), and by Losee and Van Slyke 
(1917) is indicated by the COo-combining power of the plasma 
of pregnant cows. In fact, the majority of pregnant animals 
gave values about or higher than the average; i.e,, a greater alka¬ 
line rt^serve. None of tlie figures here given can be interpreted 
as showing the presence of an acidotic condition, and it may be 
justly said tliat the determination of plasma CO 2 capacity of 
cows gives no indication of slight tendencies in this direction. 
The variations in the alkaline reserve arc such as can be duplicated 
by appropriate changes in rations, as will be demonstrated in 
another part of this paper. 
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TABLE I. 


Carho'fi Dioxido-Comhining Power of Cow Plasma. 


Date, 

Cow No. 

CO 2 

eapaeity 
per 100 (*c. 

Ileniarks. 



cc. 


Aug. 11, 1919 

121 

58.9 

Farrow. 

Oct. 9, 1919 

121 

55.1 

u 

June 26, 1919 

119 

56.0 

No morning feed. Pregnant, 7tli 
month. 

Sept. 8, 1919 

84 

56.9 

No morning feed. Farrow. 

Nov. 13, 1919 

84 

57.9 

CO 2 in urine, 247 cc. per 100 cc. 
Farrow. 

Jan, 14, 1920 

84 

63.6 

: Farrow. 

Sept. 15, 1919 

89 

58.9 

Pregnant, 3rd month. 

Jan. 7, 1920 

89 

64.0 

“ 7th “ 

Feb. 17, 1920 

63 

59.5 

Not lactating. 

Sept. 10, 1919 

88 

59.7 

Pregnant. 

Nov. 18, 1919 

88 

62.6 

CO 2 in urine, 235 cc. per 100 cc. Preg¬ 
nant. 

Feb. 25, 1920 

88 

61.7 

Pregnant. Due to calve March 19. 

13, 1920 

221 

60.3 

Pregnant, 8th month. 

Aug. 22, 1919 

114 1 

60.6 

Aborted 2 days before; 5th month of 
pregnancy. 

19, 1919 

220 

62.6 

Farrow”. 

27, 1919 

249 

63.1 

Calved 10 days later. 

Oct. 15, 1919 

64 

64.5 

Milking. 

June 19, 1919 

82 

64.5 

Farrow. 

Aug. 26, 1919 

244 

64.5 

Calved 1 day later. 

Dec. 3, 1919 

56 

64.6 

Farrow. 

Nov. 28, 1919 

51 

65.5 

Milking. 

Jan. 15, 1920 

49 

68.3 

Aborted preceding day; about 5 weeks 
before time. 


The Alkaline Reserve of Calves» 

Table II gives among other things the amount of CX32 chemically 
bound by the plasma of young calves. At a glance one sees that 
calves possess a larger alkaline reserve than do grown cattle. The 
average CO 2 capacity of the plasma of seven calves ranging in 
age from 2 to 14 days is 73,0 cc,, with maximum and minimumi 
values of 80.6 and 68.3 cc,, respectively. Calf 309, when it was 
slightly over 1 month old, showed a CO 2 capacity of 61.4 cc., 
practically identical with the average adult figure. 
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Attention is also invited to the values obtained for urinary 
carbon dioxide. Calves excrete approximately neutral urines 
containing from 3 to 17 cc. of CO 2 per 100 cc., while the strongly 
alkaline urine of cows usually contains from 200 to 400 cc. of CO 2 
in 100 cc. But in spite of this calves have a decidedly greater 
CO 2 capacity, amounting on the average to a difference of 11.5 
cc. per 100 cc. of plasma. It is evident that a fundamentally 
different regulatory mechanism is functioning in the two cases. 

TABLE II. 


Co'tnposiHon of Plasma and Urine of Young Calves. 


Date. 

! 

Co,If 
No. 

Age. 

Plasma, 

Urine. 

Remarks. 

CO2 capacity 
per 100 cc. 

Ca per 100 cc. 

P (inorganic) 
per 100 ec. 

Specific grav¬ 
ity. 

•00 001 

NHa N per 100 
cc. 

1919 ^ 


days 

cc. 

7 ng. 

mg. 


cc. 

mg. 


Sopt. 27 

309 

33 

61. 4 ! 

11.1 

7,5 

1.006 

5.7 

17.0 


Atig. 29 

300 

2 

08. 3 I 

12.1 





Blood obtained 










after some 










struggling. 

mo 










Feb. 5 

314 

4 

70.2 

10,6 

6.8 

1.015 

17.3 

9.7 


16 

310 

30 

71 . 0 ' 

10.5 

7.7 

1.007 

9.7 

14.61 

F in urine, 47.3 










mg. per 100 cc. 

Jan. 13 

310 

2 

74.8 

13.2 

6.8 

1.006 

14.0 

8.3 


Feb. 9 

312 

10 

1 71.1 

12.4 

8.2 

1.016 

8.8 



“ 10 

I 311 

14 

i 73.0 

11.5 

9.3 

1.021 

5.0 



« 12 

315 

4 

73.0 

12.2 

6.7 

1.006 

2.9 



a 7 

313 

7 

80.0 

12.3 

7.3 

1.004 

13.3 

1 

P in urine, 30,8 


1 








mg. per 100 cc. 


The values in Table II corroborate and extend the observations 
of Meigs, Blatherwick, and Cary (1919, a), who showed that the 
plasma of calves is characterized by a high content of calcium 
and inorganic phosphorus. As was pointed out in that communi¬ 
cation, calcium soon begins to decrease tow^ard the adult level 
but the phosphate gains in amount until the highest point is 
reached at an age of about 6 months. 
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The urine of young animals as compared with tlia,t of cows 
contains less carbon dioxide, more ammonia, and more phosphorus* 
Many cows excrete mines which carry only small ainoiiiits of the 
latteivelement; about 2 mg. per 100 cc. The iirine of calves 
normally contains from fifteen to twenty times this amount. 

The Effect of Individual Foods upon Blood and Urine of Cows. 

It w’-as iny privilege while worldng under the direction of Dr, 
Lafayette B. Mendel to demonstrate the specific effect of individ¬ 
ual foods upon the composition of the urine of men (1914). This 
study revealed the ease with which urinary acidity could be 
varied by changes in diet. Sherman and Gettlcr (1912) had pre¬ 
viously made more reliable analyses of the ash of most of the com¬ 
mon articles of food than had hitherto been available. Their 
analyses showed a preponderance of basic elements in the ash of 
vegetables and fruits, and an excess of acid-forming elements in 
that of meats and cereals. The result of eating the latter is an 
increased output of acid in the urine, but fruits and vegetables 
cause the production of less acid or alkaline urines. It was found 
that certain fruits, such as cranberries, plums, and prunes, al¬ 
though they yield an allcaline ash, nevertheless in metabolism led 
to an increase in urinary acidity. This anomalous result is doubt¬ 
less, in part, due to the benzoic acid radical contained in these 
fruits. 

Whether the alkaline reserve of the body can be altered by 
varying the intake of foods is an open question. Van Slyke and 
Cullen (1917) state that unusually high values for plasma CO 2 
capacity are sometimes observed after the subject has partaken 
of an alkaline diet. Schloss and Harrington (1919) were able to 
increase the plasma C 02 -combming power of infants by appro¬ 
priate changes in diet. On the otlxer hand, McClendon, von 
Meysenbug, Engstrand, and King (1919) wore* unable to produce 
any change in the alkaline reserve of man by varying the diet. 

In Tables III and IV are presented the analytical results of 
experiments which were designed to throw light on this question 
as well as on several others. 

The first experiment on Cow 56‘reveals very clearly the changes 
in the composition of blood and urine that may be produced by 
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alterations in diet. It may, incidentally, be remarked that tliis 
cow was previously fasted for a period of 7 days. Her recovery 
from the fast wirs rapid and she was in excellent physical condition 
at the beginning of and during the present studies. This animal 
was first placed upon a diet of grain only. 

Eoference to Table III shows that on March 1, the 4tii day on 
this food, her plasma CO 2 capacity was 58.6 cc. This value falls 
near the lower limit of those obtained for cows on mixed rations. 


TABLE III. 


Changes in Blood and Urine Produced hy Individual Foods. Cow 56. 




Plasma. 



Urine. 



Date. 

CO 2 capacity 
per 100 ee. 

Ca per 100 cc. 

Total P per 
100 cc. 

Inorganic P 
per 100 cc. 

Lipoid P per 
100 cc. 

Specific grav¬ 
ity. 

CO 2 per 100 
cc. 

NHs N per 100 
cc. 

P per 100 cc. 

Remarks. 

wm 

cc. 

7110. 

mo. 1 

rno. 

mg. 


cc. 

mg. 

mg. 


Mar. 1 

58.6 

10.3 

12.2 

5.7 

7.5 

1.027 

37 

n 

178 

Grain only.* 

4 

69.2 

11.3 

9.6 

3.9 

5.7 

1.030 

554 

4 

3 

Alfalfa hay 

only, t 

9 

54.8 

10.4 

9.1 

3.6 

5.5 

1.021 

4 

13 

54 

! Corn silage 
i only.f 


* Amounts of grain eaten: 

Ihs. 

Feb. 27. 10 (No. 17) 

28. IS (No. 17) 

20. 15-J (No. 17) 

Mar. 1. 12 (No. IS) 

t Amounts of alfalfa hay eaten: 

Mar. 1. 5 

« 2 ... 20 

3 and 4.20| 


j: Amounts of corn silage eaten: 
Mar. 5 
6 

a 7 

8 
9 


Composition of mixture No. 17: 


Ground oats. 100 parts 

Bran. 100 “ 

Hoininy. 100 

Linseed meal. 50 “ 

Composition of mixture No. 18: 

Ground oats.100 parts 

’Corn-meal... 100 “ 

Bran. 100 

Linseed meal. 50 “ 

Cotton-seed meal.. 50 “ 


lbs. 

20 

16 

30 

46 

26 
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Immediately following the acid-forming grain diet, the cow was 
given alfalfa hay only. Blood taken on March 4 shows that the 
CO 2 chemically bound by 100 cc. of plasma had increascvl to a 
value of 69.2 cc., a change of 10.6 ec. Another sample, o])tamcd 
on 'March 9, shows that when corn silage had been the sole food 
plasma CO 2 capacity decreased to a value of 54.8 cc., lower than 
that produced by the eating of grain. This last result seems, at 
first sight, rather surprising but upon study a satisfactory expla¬ 
nation can, I think, be given. Discussion of this point will be 
deferred to a later part of this communication. 

The response of the plasma phosphorus compounds is signi¬ 
ficant. As a result of the high phosphorus, grain diet, high values 
for inorganic and lipoid phosphorus were produced. This is a 
corroboration of the phenomenon previously described by Meigs, 
Blatherwick, and Cary (1919, a). With a change to the low 
phosphorus food, hay, the inorganic phosphorus is seen to have 
dropped from 5.7 to 3.9 mg. in 100 cc. of plasma. Still further 
reductions in plasma phosphorus compounds resulted when corn 
silage was the sole food. Comparable changes in plasma plios- 
phate may be observed in the case of Cow 66, Table IV. 

The response of plasma calcium to changes in food is also note- 
wmrth}^ When alfalfa hay with its high content of this element 
was the food, calcium amounted to 11.3 mg. per 100 cc. of plasma, 
as compared with 10.3 and 10.4 mg. on grain and silage. I have 
observed another case in which the concentration of calcium w-as 
high in an animal fed solely upon hay. In this instance an effort 
was being made to dry up hastily a cow which w^as nearly at the 
end of the gestation period. On the day prior to and on th(^ day 
of taking the blood sample, this cow ate neitheu* grtxin nor siiJige 
but consumed 16 pounds of alfalfa hay daily. Her plasma, con¬ 
tained 12,1 mg. of calcium in 100 cc., as contrasted with the 
normal value of about 10 mg. These results are in liaraiony 
with those of Boggs (1908) who observed an increase of 36 per 
cent in the calcium content of dog blood as a rcjsult of feeding 
calcium lactate. It would appear that the level of plasma cal¬ 
cium may be influenced by the calcium content of the diet, Init 
in cows on rations quite similar in this respect the concentration 
is subject to only small variations* 
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The changes produced by diet in certain constituents of the 
urine are most interesting. Urine resulting from the grain diet 
showed an excretion of 37 cc. of CO 2 in 100 cc. With a change 
to the base-forming food, hay, fifteen times this amount was 
found (554 cc.). Coincident with an acid urine excreted when 
the animal ate silage, only 4 cc. of CO 2 were found, less than in 

TABLE IV. 


Changes in Blood and Urine Produced by Individual Foods, Cow 66. 


Date. 

PJasma. 

Urine. 

Remarks. 

CO2 capacity 
per 100 cc. 

Total P per 
100 cc. 

Inorganic P 
per 100 cc. 

Lipoid P per 
100 cc. 

Specific grav¬ 
ity. 

0 

0 

t-4 

0 

P- 

dS : 
0 ! 

8 

ft 

Ca per 100 cc. 

P per 100 cc. 

mo 

cc. 

mg. 

mg. 

mg. 


cc. 

mg. 

mg. 

mg. 


Oct. 16 

00.7 

10.3 

4.9 

5.4 

1.035| 

32 

25 


2.7 

Silage 16 lbs., 











grain 2 lbs. 

'' 20 

04.1 

10.0 

5.0 

5.0 


306 

6 


1.7 

Alfalfa hay 


1 

1 









only.*** 

31 

! 64.5 

9.9 

4.0 

5.3 

1.037 

358 

6 

4.8 

2.4 

Silage 16 lbs., 




1 







grain 2 lbs. 

Nov. 4 

1 63.6 

11.1 

6.1 

5.0 

1.035 

142 

12 

3.2 

20.2 

Grain oniy.t 

17 

67.3 

8.7 

3.9 

4.8 

1.037 

385 

1 

12.0 

2.2 

Silage 16 lbs., 











grain 2 lbs. 

20 

01.7 

8.2 

2.9 

5.3 

1.036 

200 

9 

50.5 

i 

2.5' 

Silage oniy.t 


* Amounts of alfalfa hay eaten: 


lbs. 

Oct. 16. 



. 12 

17. 



00 

“ 18. 



. m 

“ 10. 



. s 

20 . 



. &i 

t Amounts of grain eaten: 

ite. 

Composition of grain mixture; 

N«v. 1. 

. 10 

Ground oats.... 

.. 100 parts 


, 14 

Hominy. 

.. 100 “ 

3. 

. IS 

Bran. 

.. 100 “ 

4 . 

. G 

Linseed meal.... 

.. 50 

t Amoimts of silage eaten: 


lbs. 

Nov, 17... 



.12 

IS..., .. 



.30 

19. 

20 ... 



.58 

........ 4| 
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the case of grain. Appropriate and eorrespoodirig values for 
ammonia were oljserved; he., 11, 4, and 13 mg. of N in 10(1 cc» 
of iii'ine. The urinary (■‘.xcretion of pbosphonis reveals some iiotc™ 
^rorthy features. Upon the high ].)hosphorus, acid,donning, gnun 
diet this cow excreted 178 mg. of P in 100 cc. of iirinm O'his 
value liecaiiie 3 ing. in the urine formed from the love |ihosplioriis, 
basedormiiig hay. Although the urine from il-ie silage i^eriod was 
more acid than that from the grain, still less than one-tliiixl as 
iiiiicli phosphorus (54 mg.) was eliminated in tliis excretion. These 
figures sliow conclusively that phosphorus contained in tli(^ grain 
was much more efficiently and rapidly absorbed than iii was from 
either of the other foods. 

These and other experiments demonstrate that tlie amount of 
phosphorus excreted in the urine is dependent upon the cinantit}' 
of phosphate in the plasma. But this relation is distiirlxai wluui 
an increased acid, production occurs. This is well illustrated l)y 
comparing the values obtained from the hay and silage |)eri()ds. 
Although the inorganic phosphorus of the plasma wc.s lowin' wlien 
silage was fed, nevertheless, eighteen times as much pliospliorus 
was excreted in this urine owing to the necessity for tlic elimina¬ 
tion of acid. Another factor which doubtless contributed to the 
low value of 3 mg, in the urine of the hay period was the presence 
of large amounts of calcium in the food. 

The other experiment on Cow 66 was arranged diff(>rcntly. 
She was placed upon a basal ration of 16 pounds of silage and 2 
pounds of grain daily, and after she ate this ration for 4 t.o 5 days 
blood and urine samples wxu’c obtained. The a;uimjtl then rc^eeivcMi 
only one food, for instance hay, during a ixn^iod of 3 to 4: days 
w’hen samples of blood and urine wwo again ta-kem. IkviwxK'n thi^ 
experimental periods, the cow was given tlie l,)a,sal .rai-ion of HI 
'pounds of silage and 2 pounds of grain. It d(wdo|)(Hl that tliis 
basal ration w^as insufficiont for maintenance and the expo,rime,art,a,1 
findings must be interpreted with this reservation in mind. 

If we turn our attention to the results shown in Table IV, wx) 
will observe that the values obtained for iiio three sets of samples 
resulting from the basal ration are not comparable. The first 
samples obtained on October 16 show evidences of acidosis; Ac., 
low urinary CO 2 and a considerable amount of ammonia. The 
second and last specimens of urine corresponding to the basal 
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ration are quite similar to each other as is seen by comparing the 
values for urinary CO- and ammonia. These latter values are 
evidently the correct ones for this basal diet. For some unknown 
reasoiq the animal was mildly acidotic when the first samples 
were obtained. 

In spite of the fact that this'cow ate but sparingly of alfalfa 
hay; 11| pounds in 1 day being the maximum, the COo capacity 
changed from 60.7 to 64.1 cc. per 100 cc. of plasma, the neutral 
urine became strongly alkaline, urinary CO- increased from 32 to 
306 cc., and ammonia N decreased from 25 to 6 mg. in 100 cc. of 
urine. The large excess of base in alfalfa hay most efficiently 
overcame the slight acidosis indicated by the first sample. 

The effect of eating grain only is seen in the second experimental 
period. There is a slight decrease in plasma CO- capacity. The 
urine lias become less alkaline, CO- has dropped from 358 to 142 
cc., ammonia has doubled in amount, and phosphorus has in¬ 
creased from 2.4 to 20.2 mg. in 100 cc. The effect of the excess 
of acid-forming elements in grain is here seen chiefly in the change 
in urinary composition. 

In the last period, when corn silage was the sole food, evidences 
of increased acid production are seen at several points. The COr 
combining power of plasma showed a decrease from 67.3 to 61.7 
cc., the urinary CO 2 dropped from 385 to 200 cc., and the ammo¬ 
nia nearly doubled in amount. The behavior of the phosphorus 
fraction of the blood plasma in this set of experiments helps to 
clarify some of the apparent mysteries. It will be observed that 
tlic total phosphorus decreased nearly 16 per cent from October 
16 to Noveinl)er 20. This change took place in both the inorganic 
and the lipoid fractions. Since these changes 'were found when 
the animal was on the same ration, some fundamental cause 
must b(^ sought in explanation. The level of inorganic phos¬ 
phorus in l)lood plasma has come to be regarded in this laboratory 
as a fairly rc^liable indication of an animafis nutritive condition. 
It was previously stated that the basal ration of silage and grain 
was inadequate for maintenance, and the decrease in phosphorus 
of the plasma is probably concrete evidence of this deficiency. 
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Some Effects of Fasting in the Cotv, 

The effects of fasting upon the composition of the blood and 
especially of the mine have been quite extensively investigated,, 
particularly in the case of dogs and men. Such studies liave 
contributed much of value to our knowledge of the metabolism 
of protein, fat, and carbohydrate, supplied solely from the sub¬ 
ject's own body. 

In order to gain a further understanding of the manner in which 
tissue neutrality in cattle is maintained, a fasting experiment of 
7 days duration was carried through on a cow whose physical condi¬ 
tion wSbS excellent. This animal was neither pregnant nor lacta- 
ting; her last calf was born 23 months prior to the beginning of 
the fast, and she had been dry for more than 13 months. These 
points are emphasized because of their probable bearing upon the 
course of the fast. It is evident that this cow had ample oppor¬ 
tunity for building large reserves of tissue, and, what is doubtless 
of importance in this connection, of mineral constituents. During 
the experiment, the animal was kept in an ordinary stanchion 
and bedded with shavings. The fast may be considered complete, 
for she drank only 10 pounds of water throughout the fasting 
period of 7 days, although water was offered daily. The cow 
weighed 1,042 pounds at the beginning of the fast and 915 pounds 
when it closed, a loss representing more than 12 per cent of the 
original body weight. 

Table V records the changes produced in blood plasma and 
urine by abstinence from food. Blood obtained about 5 hours 
after the last feeding of grain and silage on December 3 showed 
that 64.6 cc. of CO 2 were chemically bound by 100 0(5. of plasma. 
This value, w’'hich is above the average of 61.5 cc. for cows living 
on mixed rations, shows that the animal was not acidotic and was 
in a good state for the subsequent fast. Aft(U’ 24 hours of fasting, 
the CO 2 capacity was 66.2 cc., indicating a slight increase in the 
alkaline reserve. The plasma CO 2 capacity remained at or near 
this latter figure throughout the period of inanition. Judging 
from the experience of Benedict (1915) in his investigation of the 
fasting man, Levanzin, who showed a decrease in the alveolar CO 2 
tension on the 2nd fasting day and a further drop on the 14th 
day, one "would have expected a lowering of the CO 2 capacity in 
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this case. It is plain that the CO 2 capacity of the plasma gave 
absolutely no indication of an acidotic condition. 

The only evidence of acidosis afforded by the plasma is obtained 
from the phosphorus fraction. At the end of the 1st fasting day 
the inorganic phosphorus had increased about 11 per cent in 
amount. This is probably to be interpreted as an early mobili- 


TABLE V. 

Plasma and Urine of a Fasting Cow, 


Date. 

1 

Day 

of 

fast. 

Plasma, 

Urine. 

CO2 capacity 
per 100 cc. 

Ca per 100 
cc. 

Total P per 
100 cc. 

Inorganic P 
per 100 cc. 

Lipoid P per 
100 cc. 

Specific grav¬ 
ity. 

o 

o 

u 

o 

ft 

6i 

o 

o 

o 

0 

A 

tS § 

Ca per 100 cc 

P per 100 cc. 

1919 


I 

CC. 

1 , 

j m. 

mg. 

mg. 

mg. 


cc. i 

mg. 

nig. 

mg. 

Dec. 3 

* 

64.0 

10,4' 

9.2 

4.7 

4.5 

1.038 

394 i 

6 ^ 

4.6 

16.1 

4 

1 

66.2 

10.0 

10.5 

5.2 

5.3 

1.032 

359 

7 

3.2 

20.6 

“ 5 

2 

67.2 





1.033 

79 

10 



0 

3 

66,9 

10.2 

10.3 

5.3 

5.0 

1.029 

68 

10 

2.4 

177.2 

« 7 

4 

66.5 





1.029 

29 

13 



“ 8 

5 

65.5 

10.0 

9.7 

1 5.2 

4.5 




2,2 

217.2 

“ 9 

6 

60.4 










10 

7 

66.0 

10.4 

8.2 

4,2 

4.0 

1.027 



1 9 

156.3 


The rations of this cow prior to the fast were: 

Z&.s, lbs, lbs. 


lbs, lbs, lbs. 

From Nov. 23 to 29.Bran 6 Soy bean hay 2 Silage 24 

Nov. 30. 6 ‘‘ “ 2 21 

Dec. 1 to 2 . 0 “ “ “ 2 ‘‘ 

3, a.m. 3 “11 


zation of the mineral reserves to assist in the maintenance of 
tissue neutrality. Inorganic phosphorus of the plasma remained 
at this higlier level until the last day ■when it fell to a value lower 
than that obtained on the feeding day. In other short time 
fasting experiments of about 38 hours duration, conducted in this 
laboratory, larger increases in the phosphate of the plasma have 
been found; i.e., 11, 24, and 81 per cent.^ 

^ I am indebted to Dr. E. B. Meigs and Dr. C. A. Cary for permission to 
quote these unpublished results. 
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A change in the lipoid phosphorus of the plasma also occurred. 
After one day of inanition, there was an increase of alxjut 18 
per cent in this constituent. A gradual decrease in phospliatidc 
phosphorus is seen tlmoughout the remainder of tlu^ fast. The 
early augmentation of this fraction of the phosphorus content 
of the plasma is probably an expression of the quick mobilization 
of body fat, a phenomenon quite comparable to the increase ob¬ 
served ill lactation, particularly in its earlier stages wlien there is 
a tendency for body fat to be mobilized and thrown into the 
blood stream, as suggested by Meigs, Blatherwick, and Cary 
(1919, a). 

The calcium of the plasma showed small variations which lie 
within the limits of experimental error. 

Turning our attention to the urine, the characteristic changes 
produced by lack of food are seen. The first urine obtained after 
the cow had eaten her last food gave the typical strongly allvalino 
reaction, with a large amount of CO 2 (394 cc)., Siiiall ammonia 
N (6 mg.), and a phosphorus content of 16.1 mg. in 100 cc. There 
was a slight change in the direction of decreasing alkalinity al¬ 
ready evident at the end of the first fasting day, but this did not 
become well marked until the 2nd day, and on tlie 3rd day 
the CO 2 was 88 per cent less, ammonia 66 per cent more, and 
phosphorus ten times greater than in the original urine. The 
uriiie of the 4th day revealed a still further drop in CO 2 and an 
increase in ammonia. This latter sample was the first o))taioed 
by catheter, and the procedure unfortunately stiirted a bladder 
condition which rendered deterininations of C'X ')2 and ammonia of 
subsequent urines valueless. nowev(U', one secs tliat the elimi¬ 
nation of acid had not yot reached its highest point, for thci urine 
of the 5th day contained 217 mg. of phosphorus in 160 cc., as com¬ 
pared with 16 mg. in that of the control day. It would se.cnn tl'ia,t 
the urinary elimination of phosphorus had reached its hcnglit 
about the 5th day, as the onl^r remaining determination shoves 
that this element had decreased to a value of 156 mg, in 160 cc. 
of the urine of the last clay. 
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Exjjermental Acidosis in a Calf. 

Ill VI are given the analytical data obtained from the 

plasma and mine of a calf which was rendered acidotic by feeding 
hydrocliloric acid. This was one of the experiments planned to 
throw light on the hypothesis that plasma calcium is dependent 

TABLE VI. 

Ex'peA'imental Acidosis in a Calf. 


Plasma. 


Date, 

CO 2 capacity 
per 100 cc. 

Caper 100 cc. 

Total P per 
100 cc. 

Inorganic P 
per 100 cc. 

Lipoid P per 
100 cc. 

191!) 

Aug. 29 

CC. 

68.3 

mg. 

12.1 

mg. 

mg. 

mg. 

Sept. 27 

61.4 

li.i 

12.7 

7.4 

5.3 

30 






Oct. 2 

66.4 

11.2 

13.8 

8.2 

5.6 

6 






“ S 

48.5 

11.7 

12.2 

8.0 

4.2 



Urine. 



Specific grav¬ 
ity. 

o 

o 

fH 

<D 

A 

6i 

o 

NHa N per 100 
cc. 

Remarks. 


cc. 

mg. 

2 days old. 

1.006 

5.7 

17 

Up to date 12 lbs. 
of whole milk 
daily. 

1.011 

63.5 

9 

Sept. 28, 29, 30; 
10 gm. of 

NaHCOa daily. 

1.005 

1 51.7 

4 

Oct. 1; 20 gm. of 
NaHCOs. Oct. 
2, a.m.; 15 gm. 

1.009 

0.6 

36 

Oct. 3 and after; 
180 cc. of 1 N 
HCl daily. 

1.010 

0.2 

67 

Oct. 6; 180 cc. of In 
HCL Oct. 7; 240 
cc. Oct. 8, a.m.; 
180 cc. P in 
urine of Oct. 8, 
75 mg. per 100 
cc. 


Upon the bicarbonate content of this fluid. At 2 days of age the 
animal showed a CO3 capacity of 68.3 cc.^and a calcium content 
of 12.1 mg. per ,100 cc, of plasma. About 1 month later , these 
values had become 61.4 cc. and. 11.1 mg., respectively. After 
this sample of blood was taken on September 27, 10 gm. of ISTaHCOs 
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were added to the feed of 12 pounds of whole milk daily* On 
October 1, 20 gm, of NaHCOs were given and on the following 
morning it received 15 gm. of this substance. Blood taken on 
this date revealed the characteristic increase in CO 2 capacity. The 
urine "was alkaline^ its CO 2 had increased from 6 to 52 cc., while 
the ammonia decreased from 17 to 4 mg. of N per 100 cc. The 
calf was immediately changed to an acid diet, receiving with 
milk 180 cc. of 1 N HCl daily from October 3 to 6 inclusive. On 
the following day the dose was increased to 240 cc., and on the 
morning of the 8th it drank 180 cc. of this acid. A sample of 
blood obtained on this latter date showed that the plasma CO 2 
capacity had responded with the well known drop to 48.5 cc. The 
corresponding urine was decidedly acid, its CO 2 had practically 
disappeared, and the ammonia had increased to 67 mg. of N in 
100 cc. 

Regarding the hypothetical relation between plasma calcium 
and bicarbonate this experiment offers slight positive evidence. 
A decrease in CO 2 capacity from 61.4 to 48.5 cc. was accompanied 
by an increase in calcium from 11.1 to 11.7 mg. per 100 cc. of 
plasma. However, another experiment on a calf 2 weeks of age 
resulted in a decrease of calcium from. 11.5 to 11.0 mg. when the 
CO 2 capacity was lowered from 73.0 to 54.1 cc. by feeding hydro¬ 
chloric acid. These findings indicate that the level of plasma 
calcium is very little or not at all influenced by physiological 
changes in the alkaline reserve. 

Some Effects of Feeding Benzoic Acid to a Calf, 

One of the striking differences in the metabolism of calves and 
cows is found in the small excretion of hippuric acid in the urine 
of young animals. It is only when the latter b('gin to eat foods 
other than milk that appreciable amounts of this acid appear. 
Among the foods consumed by herbivora wdiich give rise to tlie 
formation of hippuric acid, meadow hay was observed by Weiske 
(1876) to be the most efficient. This author believed that most 
of the hippuric acid precursor was found in the weeds which con¬ 
taminated the hay. He also observed that wheat and oat straws 
lead to the formation of considerable amounts of hippuric acid, 
but none of this acid was excreted when the experimental anim^a^ 
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wetliersj were fed pea straw, bean straw, unpeeled potatoes, peas, 
linseed, wheat, or oats. 

It seemed to be an interesting point to discover how a young 
calf would react to benzoic acid when fed along with a non-hip- 
piiric acid-forming diet. A calf, aged 1 month, was accordingly 
placed upon a uniform milk diet to which a certain amount of 
benzoic acid was added. On February 16, samples of blood and 
urine resulting from the milk diet were obtained. Normal values 
for a calf of that age are shown in Table VIL Plasma CO 2 capac- 


TABLE vn. 

Comp(}sitio7i of Blood and Urine of Calf Fed Benzoic Acid. 



Plasma. 

Urine, 


Date. 

CO 2 capacity 
per 100 cc. 

Ca per 100 
cc. 

Total P per 
100 cc. 

Inorganic P 
per 100 cc. 

_Ji_ 

Lipoid P per 
100 cc. 

Specific 

gravity. 

0 

0 

hi 

cu 

ft 

60 

0 

NHs N per 
100 cc. 

P per 100 cc. 

Remarks. 

mo 

cc. 

mf/. 

mg. 

mg. 

mg. 


cc. 

[ mcf. 

mg. 


Feb. 16 

71.()' 

10.5 

10.3' 

7.5 

2.8' 

1.007 

9.7 

14.6 

47.3 

Whole milk diet. 5 

j 


1 








gm. of benzoic, p.m. 

17 






1.012 

1.1 

39.3 


10 gm. of benzoic. 

00 

68,1 

9.9 

10.4 

7.6 

2.8 

1.015 

1.4 

71.6 

142.1 

5 gm. of benzoic, 











a.m., 5 gm. of 
benzoic, p.m. 

“ 19 






1.008 

2.5 

30.5 


5 gm. of benzoic, 











a.m., 10 gm. of 
benzoic, p.m. 

“ 20 

71.1 

10.4 

10.4 

7.7 

2.7 

1.008 

1.6 

26.7 

58.7 

10 gm. of benzoic, 











a.m. 


ity, 71.0 cc., was somewhat above the higher adult figures. The 
urine was neutral in reaction and contained 9.7 cc. of CO 2 , 14.6 
ing. of ammonia N, and 47.3 mg. of P in 100 cc. Urine obtained 
the following day after the calf had received 10 gm. of benzoic 
acid was acid to litmus, and contained only 1.4 cc. of CO 2 in 100 
cc., and the ammonia had nearly tripled in value. After having 
received a total of 20 gm. of the acid, the plasma CO 2 capacity 
of the 2nd day decreased slightly to 68.0 cc, per 100 cc. The 
corresponding urine was decidedly acid, CO 2 was the same as on 
the preceding day, ammonia N increased to 71.6 mg., and phos- 
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plioiTis was tliree times larger than in the first sample. The 
results thus far indicated the possibility of producing an acidosis 
somewhat comparable to that resulting from tlic iise^ of .mineral 
acids. It was, therefore, decided to push the (.losagc of the acid* 
Urine obtained on the following morning gave values for CO 2 
and ammonia which pointed to a return to normal conditions. 
On the afternoon of February 19, the dose was increased to 10' 
gm. In spite of this larger amount of acid, samples of blood an,d 
urine secured the next morning revealed values for plasm,a C 02 ^ 
capacity, urinary ammonia, and phosphorus which were nearly 
comparable with those obtained before the administration of 
benzoic acid. 

It is evident that a condition of acidosis was produced when 
benzoic acid was first administered, but that nearly complete 
recovery followed in spite of larger doses of the acid. During 
the period of acidosis, the calf was suffering from diarrhea, but 
the feces were normal in appearance on the last day of the experi¬ 
ment. How this digestive disturbance may have influenced the 
results is not known. Determination of the hippuric and benzoic 
acid content of the blood and urine would, no doubt, have aided 
in the interpretation of the experimental results. 

DISCUSSION. 

The experiments dealing with changes in blood and urine re¬ 
sulting from variations in diet leave no question, it seems to me, 
that the ability of plasma to bind carbon dioxide cliemically may 
be altered by the ingestion of foods of different potential acidity 
or alkalinity. This is very clearly shown in the case of C"ow 56, 
Table III* The CO 2 capacity of her plasma, after being fed 
solely on an acid-forming grain mixture was 58.0 cc. in contrast 
with a value of 69.2 cc. when she ate the strongly base-forming 
alfalfa hay. Similar responses of the, plasma alkaline reserve to 
changes in diet, although less marked, are evident in the case of 
Cow 66, Table IV. 

The ability of a diet of corn silage, the ash of which contains an 
excess of basic elements, to decrease plasma CO 2 capacity and to 
cause the formation of acid urines is a most interesting phenome¬ 
non* This effect is definitely shown in the case of Cow 56, Table 
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III, After slie had eaten heartily of this food, CO 2 chemically 
boiinxl amounted to 54,8 cc. per 100 cc. of plasm.a. The corre- 
sponding urine was decidedly acid to litmus, and contained only 
4 cc. of CJOij in 100 cc., together with considerable quantities of 
ammonia and phosphorus. The reserve alkalinity of this animal 
was certainly reduced as the result of eating a food which is gen- 
erall^r considered base-forming in character. 

How may this unexpected result be explained? May not the 
organic acids of corn silage be responsible for this anomalous 
effect? According to Dox and Neidig (1912, 1913), 100 gm. 
of dried corn silage contain about 1.63 gm. of volatile acids of 
wdiich acetic acid comprises 90 per cent. The chief remaining 
volatile acid is propionic. Butyric acid occurs in small amounts 
in good material and increases when spoilage occurs. The non¬ 
volatile acid of silage is racemic lactic which is present in greater 
amounts than all other acids combined. The proportion of non¬ 
volatile to volatile acids is approximately 100:75. If a calcula¬ 
tion is made of the amount of organic acids in the silage consumed 
by Cow 56 in her last three meals before blood and urine samples 
were taken, it is found that she received about 373 gm. of organic 
acids distributed as follows: acetic 144 gm., other volatile acids 
16 gm., and racemic lactic 213 gm. Of this total, slightly more 
than one-thii*d was eaten the morning that samples were taken. 
Cow 66 during the corresponding period ate 62J pounds of silage 
which would yield nearly as large an intake of organic acids (327 
gm.). However, she ingested but 4| pounds of silage on the morn¬ 
ing tliat samples of blood and urine were obtained. The changes 
in her Idood and urine though distinct were not nearly so marked 
as in the other ease. 

Further cvidcuice bearing upon the point is the following: Cow 
06 possessed a lower CO 2 capacity of the plasma; her urine con¬ 
tained less C ()2 and more ammonia when she ate silage alone 
than when smaller amounts of silage (16 pounds) with the addi¬ 
tion of 2 pounds of grain, an acid-forming food, were consumed. 
A reasonable explanation, of this phenomenon is made by assum¬ 
ing that a cow is able to oxidize certain amounts of the organic 
acids of silage, but when this limit is reached these acids act like 
a mineral acid in lowering the alkaline reserve and causing the 
elimination of acid urines. In the present state of our know- 
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ledge concerning the quantities of oi-gaiiic aeitis which, tlie 130(^7 
is able to oxidi;ie, one can,not hazard an opinion iis to whctlnn' one 
or more of the a,cids found in silage arc responsible fo,r tlic.^ cfTects 
observed. It is also probable that im inej’cased ff>rniiatio.ii of 
hippiiric acid nuiy be a factor contriI)uting to this greater acid 
production. 

Those authors wlio have been unable to change the alkaline 
reserve by altering the diet were probably iinfortiina(;e in their 
selection of experimental subjects, or the food coiisiiiiiption may 
not have been siifliciently great to produce the effect. 

Further study of the calcium content of the l:)lood plasiha of 
cattle confiriiied the observations previously reported fro:ii,'i tliis 
laboratory. The plasma of young calves contains more of this 
element than does that of cows. In adult animals fhe^ level of 
plasma calcium tends to remain quite uniform biit it may be 
altered somewhat by appropriate changes in the amount supplied 
wdth the rations. Experiments designed to tlirow^ liglit on tlie 
hypothesis that the amount of calcium in plasma is (hqiciident 
upon the bicarbonate content of this fluid failed to demonstrate 
any such relation when the changes in bicarbonate were within 
physiological limits. These results are not entirely in har,mony 
with those of Allers and Bondi (1907) wiio state that they were 
able to double the calcium content of the blood of rabbits by 
feeding hydrochloric acid. Their doses w^ere proportioiiall^anuch 
larger than mine, and it seems probable that feenJing acid has 
no effect on plasma calcium unless suHioicntly large amoiiiits a.ro 
given to produce a great depletion in the alkalini*- res(,"rve. 

In cattle the regulation of'tissue neutrality assumes a diilcrent 
character than in omnivora or carnivora, iiie |)rimary c.oiiceri’i 
of the cow is to rid the body of excess base which is nor].nally so 
abundantly furnished by the food. The problem, tlierefore, is 
generally quite the opposite of tluit wiiicli relates to iiondierl,)i- 
vorous animals. Accordingly one finds the cow excreting a 
strongly alkaline urine which contains largo amounts of carbonate, 
equivalent in many instances to about 40 gm. of C ()2 daily. Only 
small quantities of ammonia and phosphorus are found owing to 
small need for the elimination of acid. When the natural incli¬ 
nations for food are interfered with by restricting the animal to 
an acid-forming food, by fasting, or by feeding acid per sc, an 
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approach to the conditions obtaining in man or carnivora is mani¬ 
fest. Under tliese circumstances the body clings to its alkali, as 
indicat'icd by a decreased CO 2 output in the urine. Likewise, 
increased amounts of urinary ammonia and phosphorus appear 
ill response to the necssity for increased acid excretion. 

(..drives, on the other hand, approach more nearly the conditions 
which obtain in man. While calves live on an approximately 
neutral diet of milk, their urines are normally neutral in reaction, 
and contain small amounts of carbonate, and significantly greater 
quantities of ammonia and phosphorus. In spite of these dif¬ 
ferences ill the urines of young and adults, the carbon dioxide¬ 
combining power of the plasma of calves is decidedly higher than 
that of cows. It is clear that a fundamentally different regula¬ 
tory mechanism is functioning in the two cases. A comparison 
of the hydrogen ion concentration of the two bloods, and a study 
of tlie respiration of young and adults should prove valuable aids 
to a further elucidation of this problem. 

Study of the carbon dioxide capacity of cow plasma shows that 
a determination of this value is of little aid in detecting mildly 
aeidotic conditions. Although the variations in the ammonia 
content of urine are significant, many complicating factors enter 
to make an estimation of tliis constituent not entii'ely suitable 
for an indicator of increased acid production. Apparently, the 
most reliable indication of acidosis in cattle is found in the output 
of carbonate in the urine. Decreased amounts of urinary CO 2 
are tlie first expression by the cow of an increased acid metabolism, 
''lliis reaction is quickly evident, whereas rather forced conditions 
must prevail before large changes in plasma CO 2 capacity are 
produced. 

StJMMART. 

The alkaline reserve of the cow, as measured by the carbon 
dioxide-combining power of the plasma, is remarkably constant. 
Twenty-two determinations of the plasma CO 2 capacity of six¬ 
teen individuals gave an average value of 61.5 cc. per 100 cc. with 
maximum and minimum figures of 68.3 and 55.1 cc., respectively. 

The amount of CO 2 chemically bound by the plasma of young 
calves is decidedly greater than by that of adult animals. The 
average CO 2 capacity of the plasma of seven calves ranging in 
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age from 2 to 14 days was 73.0 cc. Maximum and minimum 
values for the same calves were 80.6 and 68.3 cc. per 100 cc. 

Significant changes in the alkaline reserve of cows were pro- 
diiced by altering the diet with respect to the acidity or alkalinity 
of its ash. Corn silage, a food generally considered to be base¬ 
forming in character, when fed in large amounts to a cow decreased 
the plasma CO 2 capacity and led to the formation of an acid urine. 
Reasons were advanced for believing that this anomalous result 
was due to the incomplete oxidation of the organic acids of silage. 

A cow that was fasted for 7 days failed to show any decrease 
in plasma CO 2 capacity. An increase in the inorganic phosphorus 
of the plasma was interpreted as an expression of the mobiliza¬ 
tion of the mineral reserves to aid in maintaining tissue neutrality. 

The amount of calcium in the plasma of cattle may be influenced 
by the quantities in the ration but the changes are not great even 
when large variations are made in the intake. Under physiologi¬ 
cal conditions, the level of plasma calcium appears to be very lit¬ 
tle, if at all, dependent upon the bicarbonate content of this 
fluid. 

Comment was made upon some of the differences between 
herbivora and carnivora or omnivora with respect to the main¬ 
tenance of tissue neutrality. In this connection, the practica¬ 
bility of measuring the CO 2 content of the urine of herbivora to 
detei'mine changes in the excretion of base was emphasized. 

The writer desires to express his thanks to Dr. E. B. Meigs for 
his friendly criticism, and to Mr. T. E. Woodward and Mr, H. 
T. Converse for assistance with the experimental animals. 
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Experiments on the Aquatic Plant, Elodea. 

In order to determine CO 2 content of the medium from the 
pH, the solution used in the experiment>s was 0.0025 n NaHCOs, 
brought first to pH 7.G by adjusting the CO 2 content. A change 
in ])H of 0.1 indicated a change in CO 2 content of 1.5 cc. per liter. 
The pH was determined by comparison with a set of standards 
prepared from Sorensen's phosphate mixturCvS, colored with 
phenolsulfonephthalein, and sealed in Nonsol test-tubes 25 mm. 
in diameter. 

For oxygen determinations, a terminal sprig of Elodea, 8 inches 
long, was washed in the bicarbonate solution, placed in a 100 cc. 
bottle filled with the same solution, and the bottle enclosed in an 
opaque container sunk in the thermostat. The feathery nature 
of this plant facilitates exchange with the medium. At the 
same time another 100 cc. bottle was filled wdth the solution 
without the Elodea. At the end of 3 hours the plant was pulled 
out with forcefis and the solutions in the two bottles were titrated 
by the Winkler method. The difference in the two titrations 
gave the O 2 consumption. The same sprig of Elodea was em¬ 
ployed in a similar manner for determination of O 2 consumption 
in the bicarbonate solution to which the anesthetic had been 
added. A second sprig of the plant was used to determine 
change in pH and exosmosis, the contents of the 100 cc. bottle 
being ’used to fill the tubes for the two determinations. The 
exosmosis of chlorides was determined with a Richard nephel- 
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ometer. Photosynthesis was determined siinilaiiy to respiration 
except that the opaque container was omitted and a 240 watt 
stereopticoii lamp was placed 1 foot from the plant. Tlic heat 
of the lamp was screened off by a layer of water. Protoplasmic 
rotation was determined by means of a micrometer eyepiece in a 
microscope. 
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Fiq. 1. Relative rate of O 2 absolution of Elodea in solutions of alcohol. 
Curve A, 1 per cent; B, 1.5 per cent; C, 3 per cent; D, 6 per cent; E, 15 
per cent (Table I). 

The experiments were made in a, thermostat at 30°, the best 
record of which showed a flnetnation of 0.01.° in 1 day and a con¬ 
tinuous deviation amounting to 0.1° in 10 diiys. Since a varia¬ 
tion of 1° means an error of 25 per cent, it was necessary tliat 
respiration with and without the anesthetic be carried on at tile 
same temperature. 

A 1 per cent solution of alcohol (Fig. 1, Curve A) produced 
practically no effect on rate of O 2 consumption. Even after 3 
days the rate showed no decrease (1.21). In the 1.5 per cent 
solution (Curve B) the rate showed a steady increase for 24 
hours. "Vnien such a piece was kept in the alcohol 2 days longer, 
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the rate remained practically the same as at the close of 24 hours. 
If it was retuniod to water, the rate seemed to increase still more 
raiiidl.}", and to continue so for at least 3 days. In one instance 
the rate', after 3 days in tap water following 24 hours in 1.5 per 
cent alcohol was 2.86. This is in harmony with the fact that 
slight anesthetization hastens the opening of dormamt buds on 
deciduous plants. 

In the 3 per cent solution (Curve C) the rate increased still more 
rapidly, reaching 3,87 at the close of 9 hours, but by the end of 
24 hours had decreased to 2.99 (Table I, No. 4). In 6 per cent 
solution (Curve D) the increase was not so great, and the point 
reached at the close of 24 hours was correspondingly lower. In 
the 15 per cent solution (Curve E) there was no increase. Since 
there existed the possibility that an increase may have occurred, 
lasting for a much briefer period than that emplo 3 ^ed in this 
instance, the experiment was repeated and determinations were 
made after intervals of 20 minutes (Table II). 

No increase of O 2 consumption was discernible even when the 
periods were reduced to 20 minutes. The experiment was re¬ 
peated using 10 minute intervals, but, although the differences 
were so slight as to be inconclusive, the}^ indicated that no de¬ 
crease of rate was occurring. 

Tile curves obtained from measurement of changes of pH due 
to CO ‘2 were very similar to those of O 2 consumption in solutions 
of low concentration (alcohol 1, 1.5, and 3 per cent, Table III 
and Fig. 2). But 6 and 15 per cent alcohol caused acceleration 
of rat(^ at first, the latter producing the maximum change. 

In all th(? solutions of alcohol, except the 1.0 per cent solution, 
tfie rat(' of exosmosis of chlorides from the cell increased (Table 
IV ajid Fig. 3). This acceleration was very slight, however, in 
al! (?ases (‘xcc^pt tlie 6 and 15 per cent solutions. It was especially 
marked in the latter where the cells were so injured that after 
15 miruites immersion irreversible plasmolysis occurred. 

In the 15 per cent solution protoplasmic rotation had ceased 
entirely (Table V and Fig. 4) within 1 minute, and after 15 min¬ 
utes was irreversible. In the 6 per cent solution the decrease in 
rate was gradual; in the 3 and 1.5 per cent solutions an increase 
was shown. If these tips of Elodea were returned to water after 
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TABLE I. 

Rcs'piration as Measured hy the Amount of Oxygen Extracted by Elodea fronr 

Solutions. 

9 hrs. in water and 24 iirs. in solution. Headings taken after 3 lir. 
periods in water, and in anesthetics at the close of 3, 6, and 9 lirs. immer¬ 
sion, and after the period extending from 21 to 24 lirs. At the beginning 
of each 3 hr. period, the plant was placed in a fresh solution. For corre¬ 
sponding curves see Figs. 1, 5, 10, and 14. 


Plant No. 

Solution. 

Concen¬ 

tration. 

Time. 

Thiosulfate. 

Change. 

iiclative 
rate of O 2 
absorption,- 



per cent 

hrs. 

cc. 

cc. 


1 

Water. 


1-3 

2.25-1.83 

0.42 



a 


3-6 

2.25-1.84 

0.41 



u 


6-9 

2.25-1.83 

0.42 



i£ 


21-24 

2.25-1.83 

0.42 


2 

it 


1-3 

2.25-1.85 

0.40 



te 


3-6 ' 

2.25-1.85 

0.40 



> a 


6-9 

2.25-1.85 

0.40 



Alcohol. 

1 

1-3 

2.25-1.80 

0.45 

1 .12- 


te 

1 

3-6 

2.25-1.78 

0.47 

1.16 


it 

1 

6-9 

2.25-1.78 

0.47 

1.10 


£< 

1 

21-24 

2.25-1.77 

0.48 

1.20' 

3 

Water. 


1-3 

2.25-1.85 

0.40 



u 


3-6 

2.25-1.85 

0.40 



it 


6-9 

2.25-1.85 

0.40 



Alcohol. 

1.5 

' 1-3 

2.25-1.71 

0.54 

1.350' 


it 

1.5 

3-6 

2.25-1.61 

0.64 

1,600 


it 

1.5 

6-9 

2.25-1.52 

0.73 

1.S25 


it 

1.5 

21-24 

2.25-1.30 

0.95 

2.375 

4 

Water. 


1-3 

2.25-1.SO 

0.45 



a 


3-6 

2.25-1.SO 

0.45 



it 


6-9 

2.25-1.79 

0.46 



Alcohol. 

3 

1-3 

2-25-1.40 

0.85 

1.89 


a 

3 

3-6 

2-25-0.99 

1.26 

2.80 


4i 

3 

6-9 

2.25-0.51 

1.74 

3,S7 


it 

3 

21-24 

2.25-0.91 

1.34 

2.91^ 

5 

Water. 


1-3 

2.25-1.85 

0,40 



it 


3-6 

2.25-1.85 

0.40 



it 


6-9 

2.25-1.85 

0.40 



Alcohol. 

6 i 

1-3 

2.25-1.60 

0.65 

1.63 


a 

6 1 

3-6 

2.25-1.39 

0.86 

2.15 


it 

6 1 

6-9 

i 2.25-1.20 

1.05 

2.63 


a 

^ 1 

21-24 

2.25-1.50 

i 0.75 

1.88 
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TABLE I — Continued, 


Plant No. 

Solution. 

Concen¬ 

tration. 

Time. 

Thiosulfate. 

Change. 

Relative 
rate of O 2 
absorption. 



per cent 

hr&. 

cc. 

cc. 


6 

Water. 


1-3 

2.25-1.83 

0.42 



iS 


3-6 

2.25-1.83 

0.42 



iC 


6-9 

2.25-1.83 

0.42 



Alcohol. 

15 

1-3 

2.25-1.90 

0.35 

0.83 


tc 

15 

3-6 

2.26-2.25 

0.00 

I 0.00 

7 

Water, 


1-3 

2.26-1.75 

0.50 




• 

3-6 

2.25-1.77 

0.48 





6-9 

2.25-1.75 

0.50 



Ether. 

1.5 

1-3 

2.25-1.50 

0.75 

1.50 


1 

1.5 

3-6 

2.25-0.80 

1.45 

2.90 


tc 

1.5 

6-9 

2.25-1.45 

0.90 

1.80 


a 

1.5 

21-24 

2.25-1.60 

0.65 

1 1.30 

S 

Water. 


1-3 

2,25-1.52 

0.73 



a 


3-6 

2.25-1.50 

0.75 



i£ 


6-9 

2.25-1.50 

0.75 



Ether. 

3 

1-3 

2.25-0.95 

1.40 

1.86 


u 

3 

3-6 

2.25-1.15 

1.10 

1 1.46 


{£ 

3 

6-9 

2.25-1.55 

0.70 

1 0.93 


U 

3 

21-24 

2.25-2.25 

0.00 

0.00 

9 

Water. 


1-3 

2.25-1.60 

0.65 



u 


3-6 

2.25-1.60 

0.65 



i£ 


6-9 

2.25-1.60 

0.65 



Ether. 

5 

1-3 

2 .22-1.12 

1.10 

1.69 


C( 

5 

3-6 

2.22-1 44 

0.78 

1.20 


(( 

5 

6—9 

2.22-1.98 

0.24 

0.37 


(( 

5 

21-24 

2 .22-2.22 

0.00 

0.00 

10 

Water. 


1-3 

2.25-1.65 

0.70 



iC 


3-6 

2.25-1.55 

0.70 



ti 


6—0 

2.25-1.55 

0.70 



Eth(‘r. 

S 

1-3 

2.17-1,27 

0.90 

1.29 


a 

8 

3-6 

2.17-2.17 

0.00 

0.00 

11 

Water. 


1-3 

2.25-1.90 

0.35 



a 


3-6 

2.25-1.91 

0.34 



ti 


6-9 

2.26-1.91 

0.34 j 



Chloroform. 

0.05 

1-3 

2.25-1.85 

0,40 

1.13 


it 

0.05 

3-6 

2.25-1.70 

0.65 

1.57 


tt 

0.05 

6-9 

2.26-1.60 

0.65 

1.86 


it 

0.05 

21-24 

2.25-1.40 

0.85 

2.43 
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TABLE I— ConchuUd. 


Plant No. 

Soluticm. 

Concen¬ 

tration. 

Time. 

ThiosuHnte. 

Change. 

Relative 
rat(> of Oi! 
ahworptirm. 



per cent 

hrs. 

cc. 

cc. 


12 

Water. 


1-3 

2,25-1.SO 

0.45 



a 


3-6 

2.25-1.80 

0.45 



u 


6-9 

2.25-1.79 

0.46 



Chloroform. 

0.15 

1-3 

2.25-1.50 

0.75 

1.63 


IC 

0.15 

3-6 

2.25-1.70 

0.55 

1.20 


u 

0.15 

6-9 

2.25-1.90 

0.35 

0.77 


u 

0.15 

21-24 

2.25-2.05 

0.20 

0.44 

13 

W ater. 


1-3 

2,25-1.85 

0.40 



u 


3-6 

2.25-1.84 

0.41 



it 


6-9 

2.25-1.85 

0.40 



Chloroform. 

0.30 

1-3 

2.24-1.69 

0.55 

1.38 


a 

0.30 

3-6 

2.24-2.24 

0.00 

0.00 

14 

Water. 


1-3 

2.25-1.95 

0.30 



u 


3-6 

2.25-1.95 

0.30 



u 


6-9 

2.25-1.95 

0.30 



Chioretone. 

0.05 

1-3 

2.25-1.90 

0.35 

1.17 


<< 

0.05 

3-6 

2.25-1.70 

0.55 

1.83 



0.05 

6-9 

2.25-1.55 

0.70 

2.33 


u 

0.05 

21-24 

2.25-1.40 

0.85 

2.83 

15 

Water. 


1-3 

2.25-1.85 

0.40 



u 


3-6 

2.25-1.84 

0.41 



a 


6-9 

2.25-1.85 

0.40 



Chioretone. 

0.1 

1-3 

2.25-2.05 

0.20 

0.50 


cc 

0.1 

3-6 

2.25-2.15- 

0 .10+ 

0.254- 


ii 

0,1 

6-9 

2,25-2.15 

0.10 

0.25 


a 

o.t 

21-24 

2.25-2.154- 

0 .10- 

0.25- 


TABLE n. 

Oxygen Consivmjdion by Elodca in 15 Per Cent Alcohol during Hix 20 Min, 

Periods, 


Solution, 

Thiosulfate. 

Chaiig(?. 

Kelativc rate ef Ois 
absorption. 


cc. 

cc. 


Water. 

2.15-1.90 

0.25 


Alcohol. 

2.15-1.93 

0.22 

0 .S8 

a 

2.15-2,03 

0.12 

0.4S 

u 

2.15-2.10 

0.05 

0.20 

u 

2.15-2.15 

0.00 

0 Of.) 

u 

2.15-2.14 

O.OK?) 

0.04f'?) 

u 

2.15-2.15 

0 00 ! 

! 0.00 




TABLE in. 

CO 2 Liberated as Measured by the Changes in pH of Solutions. 

Plant immersed 9 iirs. in water and 24 hrs. in solution. Readings 
taken after 3 lir. periods in water, and in anesthetics at the close of 3, 6j 
and 9 hrs. immersion, and after the period extending from 21 to 24 hrs. 
At the beginning of each 3 hr. period, the plant w^as placed in a fresh solu¬ 
tion. For corresponding curves, see Figs. 2, 6, 11, and 15. 


Plant No. 

Solution. 

Concen¬ 

tration. 

Time. 

pH 

Change. ’ 

Relative 
rate of CO 2 
elimina¬ 
tion. 



per cent 

hrs. 


cc. 


2 

Water. 


1-3 

7.8 - 7.6 

0.20 



tc 


3—6 

7.8 -7.6 

0.20 



a 


6-9 

7.8 -7.6 

0.20 



Alcohol. 

1 

1-3 

7.6 -7.4- 

0.20+ 

1.00+ 


iC 

1 

3-6 

7.6 -7.4- 

0.20+ 

1.00+ 


ii 

1 

6-9 

7.6 -7 ." 4 - 

0.20+ 

1.00+ 


(( 

1 

21-24 

7.6 -7.35 

0.25 

1.25 

3 

Water. 


1-3 

7.8 -7.6 

0.20 





3-6 

7.8 -7.6 

0.20 



it 


6- 

7.8 -7.6+ 

0.20- 



Alcohol. 

1.5 

1-3 

7.6 -7.35 

0.26 

1.25 


a 

1.5 

3-6 

7.6 -7.3 

0.30 

1.50 


u 

1.5 

6-9 

7.6 -7.3 

0.30 

1.50 


it 

1.5 

21-24 

7.6 - 7.2 

0.40 

2.00 

4 

Water. 


1-3 

7.8 -7.55 

0.25 





3-6 

7.8 -7.55 

0.25 



iC 


6-9 

7.8 -7.55 

0.25 ! 



Alcohol. 

3 

1-3 

: 7.6 -7.25 

0.35 

1.4 

i 

“ 

3 

3-6 

7.6 -7.20 

0.40 

1.6 


it 

3 

6-9 

7.6 -7.20 

0.40 

1.6 


({ 

3 

21-24 

7,6 -7.25 

0.35 

1.4 

5 

Water. 


1-3 

7.8 -7.6 

0.20 



it 


3-6 

7.8 -7.6 

0.20 



it 


6-9 

7.8 -7.6 

0,20 



Alcohol. 

6 

1-3 

7.6 -7.25 

0.35 

1.75 


a 

6 

3-6 

7.6 -7.25 

0.35 

1.75 


if 

6 

6-9 

7.6 -7.3 

0.30 

1.50 


a 

6 

21-24 

7.6 -7.4 

0.20 

1.00 

6 

Water. 


1-3 

7.8 -7.6 

0.20 



t( 


3-6 

7.8 -7.6 

0.20 



a 


6-9 

7.8 -7.6 

0.20 



Alcohol. 

15 

1-3 

7.6 -7.2 

0.40 

2.0 


a 

15 

3-6 

7.6 -7.4 

0.20 

1.0 


a 

15 

6-9 

7.6 -7.6 

0.00 

0.0 


517 
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TABLE Ul--'C07Uifi/iwd. 


Plant No. Solution. 


7 Water. 



7.8 -7.5 
7.8 -7.5 

7.8 -7.5 

7.8 -7,45 

7.8 -7.4 
7.8 -7.4 
7.8 -7.4 

7.8 -7.5 
7.8 -7.5 
7.8 -7.5 
7.S -7.4 
7.8 -7.G 
7.8 -7.7 
7.S -7.S 


Itolutivo 
of CO 2 

tion. 


Water. 


7.8 -7.5 

7.8 -7.0 
7.S -7.5 
7.8 -7.25 
7.8 -7.8 


Water. 


7.8 -7.4 

7.8 “7.4 

7.8 -7.4 
7.7 -6.8 


Chloroform. 0.05 
0.05 


7.8 -7.G 

7.8 -7.0 
7.8 -7.6 
7.5 -7,H 
7.5 -7.3 
7.5 -7.25 
7.5 -7.2 


Chloroform. 0.15 
0.15 


7.8 -7.55 
7.8 -7.55 
7.8 -7.55 
7.7 -7.2 
7.7 -7.45 
7.7 -7.45 
7.7 -7.6+ 
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TABLE III— Concluded, 


PL'Uii No. 

(Solution. 

Concen¬ 

tration. 

Time. 

pH 

Change. 

Relative 
rate of CO 2 
elimina- 
tion. 



'^er cent 

hr a. 


cc. 


i:] 

Water. 


1-3 

7.8 -7.ii 

0.20 



u 


3-6 

7.8 -7.6 

0.20 



ic 


6-9 

7.8 -7.6 

0.20 



Chloroform. 

0.3 

1-3 

7.8- 7.2 

0,60 

3.0 


{( 

0.3 

3-6 

7.S -7.4 

0.40 

2.0 


£C 

0.3 

6-9 

7.8 -7.6 

0.20 

1.0 


ec 

0.3 

21-24 

7.S -7.S 

0.00 


u 

W ater. 


1-3 

7.8 -7.6 

0.20 



cc 


3-6 

7.S -7.6 

0.20 



a 


6-9 

7.8 -7.6 

0.20 



Chloretone. 

0.05 

1-3 

7.55-7.25 

0.30 ' 

1.50 


a 

0.05 

3-6 

7.55-7.15 

0.40 

2.00 



0.05 

6-9 

7.55-7.1 

0.45 

2.25 


(t 

0.05 

21-24 

7,55-6.95 

0.60 

3.00 

u> 

Water. 


1-3 

7.8 -7.4 

0.4 



u 


3-6 

GO 

0.4 



£( 


6-9 

7.8 -7.4 

0.4 



Chloretone. 

0.1 

1-3 

7.65-7.00 

0.65 

1.62 


it 

0.1 

3-6 

7.6 -6.85 

0.8 

2.00 


a 

0.1 

6-9 

7.(1 -6.95 

0.7 

1.75 


a 

0.1 

21-24 

7.6 - .35 

0.3 

0.75 



Fig. 2. Relative change of pH of solutions of alcohol in which Elodea 
had been kept. Curve A, 1 per cent; B, 1.5 per cent; C, 3 per cent; Dy 6 
per cent; 15 per cent (Table III). 
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11 





Minutes 


Fig. 3. Diffusion of chlorides from Elodea in solution.s of alcohol during 
six 20 minute periods. Curve A, 1 per cent; B. 1.5 per cent; C, 3 per 

cent; D, 6 per cent; E, 15 per cent. 
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TABLE IV. 

Rale of Diffusion of Chlorides from Blodea during Six 20 Min,, Periods, 


For corresponding curves, see Figs. 3, 7, 12, and 16. 


Solution. 

Concontr.*!' 

Diffusion by periods, 20 min. each. 


tion. 

1 

2 

3 

4 

5 

6 

Alcohol. . 1 

per cent 

1.0 

1.0 

1.0 

1 

1.0 

1.0 

1.00 

1.0 

<e 

1.5 

1.6 

1.0 

1.0 

1.0 

1 1.00 

1.0 

a 

3.0 

2.5 

2.0 

1.5 

1.0 

l.CO 

1.0 

cc 

6.0 

14.0 

3.3 

2.5 

2.5 

1.67 

1.0 

cc 

15.0 

25.0 

5.0 

3.0 

1.0 

1.00 

1.0 

Ether. 

1.5 

1.76 

1.00 

1.00 

1.00 

1.0 

l.CO 

a 

3.0 

1.G7 

2.50 

3.3.3 

3.33 

2.0 

1.67 

it 

5.0 

20.00 

3.33 

2.80 

2.67 

2.5 

2.50 

tt 

8.0 

25.00 

5.00 

3.00 

1.00 

1.0 

1.00 

Chloroform. 

0.05 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

tt 

0.15 

10.0 

4.0 

3.0 

2.5 

2.0 

1.5 

it 

0.30 

20.0 

5.0 

1.0 

1.0 

1.0 

1.0 

Chloretone. 

0.05 

1.5 

1.0 

1.0 

1.0 

1.0 

1.6 

it 

0.10 

5.0 

2.0 

1.0 

1.0 I 

1.0 

1.0 



Hours 

Fig. 4. E,ate of protoplasmic rotation in Blodea in solutions of alcohol. 
Curve A, 1 per cent; B, 1.5 per cent; C, 3 per cent; D, 6 per cent; E, 15 per 
cent. 
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iimiiersion for 24 hours, the rate increased still more and this 
more rapid rotation was continued for scveriil da^^s. 

Since the rate of photosyntiiesis was normally twc^lve times 
tliat of respiration, tiie changes in rate of respiration may be 
omitted in determining pliotosyiitliosis without vitiating the 

TABLE V. 

Bate of Rotation of Blodea in Solutions of Alcohol, Ether, Chloroform, and 

Chloretone. 


Compared with rate in water taken as the unit. For curves, see Figs. 
4, 8, 13, and 17. 


Solution. 

Concen¬ 

tration. 

Rotation 
in water. 

Rato of rotation in solutions. 

1 

3 

6 

9 

24 

Alcoliol. 

per cent 

1.0 

1.0 

0.99 

1.00 

1.00 

1 1.00 

0.09 

a 

1.5 

1.0 

1.02 

1.05 

1.07 

1.08 

1.09 

u 

3.0 

1.0 

1.31 

1.35 

1.43 

1.49 

1.53 

iC 

6.0 

1.0 

0.76 

0.71 

0.07 

0.67 

0.52 

a 

1 15.0 

1.0 

0.00 

0.00 

0.00 

0.00 

0.00 

Ether. 

1.5 

1.0 

0.99 

0.90 

0.92 

0.89 

0.57 

it 

3.0 

1.0 

0.59 

0.30 

0.28 

0.29 

0.22 

it 

5.0 

1.0 

0.00 

0.00 

0.00 

0.00 

0.00 

it 

S.O 

1,0 

0.00 

0.00 

0.00 

0.00 

0.00 

Chloroform. 

0.05 

1,0 

1.17 

1.30 

1.31 

1.34 

1.30 

a 

0.15 

1.0 

0.74 

0.65 

0.57 

0.52 

0.00 

(( 

0.30 

1.0 

0.00 

0.00 

0.00 

0.00 

0.00 

Chloretone. 

0.05 

1.0 

0.88 

0.71 

0.03 

0,00 

0.00 

it 

0.10 

1.0 

0,02 

0.00 

0.00 

0.00 

0.00 


results (Tal)lc VI). All the solutions of alcohol produced a 
decrease in rate of photos.ynthcsis, if we a,ssume tlic ratc^ of 
oxidation to be constant. That caused by th(^ 1 |)er cent solu¬ 
tion was so slight as to be almost within the range of possiI)Ie 
error, but the results given are typical of those ol)tained in re¬ 
peated experiments. No photosynthesis occurred in the (> and 
15 per cent concentrations. In these two solutions, chlorophyll 
diffused out of the leaves and colored the medium appreciably. 
Microscopic examination showed that the ohloroplasts were 
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TABLE VI. 

PhMo.^ynthcsis of Modea in Solutions of Alcohol j Ether, Chloroform, and 

Chloretone, 


Measured in cc. of thiosulfate employed in testing the oxygen content 
of the solutions. Rate as compared with photosynthesis in distilled water 
plus NallGOa (pH — 7.6). Immersed for two successive 1 hr. periods. 


Solution. 

Concentration. 

Thiosulfate. 

Change. 

Rate of change. 


per cent 

cc. 

cc. 


Water. 


2.25-4.28 

2.03 


Alcohol. 

0.05 

2.25-4.20 

1.95 

0.96 

a 

0.05 

2.25-4.09 

0.84 

0.91 

Water. 


2.25-4.25 

2.00 


Alcohol, 

1.0 

2.25-3.82 

1.63 

0.80 

« 

1.0 

2.25-3.70 

1.45 

0.73 

Water. 


2.25-4.25 

2.00 


Alcohol. 

1.5 

2.25-3.66 

1.41 

0.69 


1.5 

2.25-3.44 

1.19 

0.58 

Water. 


2.25-4.21 

1.96 


Alcohol. 

3.0 

2.25-3.10 

0.85 

o;44 

4i 

3.0 

2.25-2.25 

0.00 

0.00 

Water. 


2.25-4.25 

2.00 


Alcohol. 

6~15 

2.25-2.25 

0.00 

0.00 

Water, 


2.25-4.25 

2.00 


Ether. 

1.5 

2.25-3.40 

1.15 

0.57 

u 

1.5 

2.25-3.20 

0.95 

0.42 

Water. 


2.25-4.24 

1.99 


Ether. 

3.0 

2.25-2.59 

0.34 

0.17 

a 

3.0 

2.25-2.25 

0.00 

0.00 

Water. 


2.25-4.37 

2.12 


Chloroform. 

0.05 

2.25-3.35 

1.10 

0.52 

a 

0.05 

2.25-3.45 

1.20 

0.57 

Water. 


2.25-4.30 

2.05 


Chloretone. 

0.05 

2.24-4.27 

2.03 

1.00 

a 

0.05 

2.24-4.30 

2.06 

1.00 

Water. 


2.25-4.33 

2.18 


Chloretone. 

0.1 

2.24-4.32 

2.08 

1.00 

£( 

0.1 

2.25-4.32 

2.07 

1.00 
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considerably smaller and lighter in color. Table VII gives the 
si^ses of the cliloroplasts, computed on the basis that 1 is norinal. 

Ether, in all the concentrations employed, caused an increase 
ill the rate of respiration (Table 1 and Fig. 6), but the 8 per cent 
solution produced less initial increase than any of the others. 

TABLE VII. 

Size of Chloroplasts, 

Measured by means of camera lucida drawings after the plant had 
been immersed for 3 hrs. in solutions of alcohol, ether, chloroform, and 
chloretone. 


Solution. 







Water. 

Size (average con- 







trol). 

6.61 

6.59 

6.59 

6.00 


Alcohol. 

Concentration, per 







cent. 

0.06 

1.00 

1.60 

3.00 

6.00 


Size"**. 

6.67 

6.62 • 

6.57 

6.26 

3.42 


Ratio to normal... 

1.00 

1.00 

0.99 

0.79 

0.52 

Ether. 

Concentration, per 







cent. 

1.60 

3.00 

5.00 

8.00 



Size*. 

5.02 

4.50 

3.71 

2.32 



Ratio to normal... 

0.76 

0.68 

0.56 

0.36 


Chloroform. 

Concentration, per 







cent. 

0.06 

0.16 

0.30 




Size*. 

6.03 

3,58 

2.47 




Ratio to normal... 

0.91 

0.54 

0.37 



Chloretone. 

Concentration, peri 







cent. 

0.06 

0.10 





Size*. 

G.61 

6.58 





Ratio to normal... 

1.00 

0.99 





"^Sizo indicated in units on micrometer scale. 


In this anesthetic, as in alcohol, the greatest change in the pH of 
the medium was caused by the most concentrated solution (8 
per cent, Table III and Fig. 6). In both the 5 and 8 per cent 
solutions chlorides diffused from the plant with such rapidit}’' as 
to indicate that the cells must be injured (Table IV and Fig. 7). 
Microscopic examination showed that protoplasmic rotation had 
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stopped completely in the 5 per cent solution at the end of 20 
minutes, and in the 8 per cent solution at the end of 10 minutes 
(Table V and Fig. 8). Both were irreversible. In the 8 per cent 


t 

<3 

















A 





-- H 


A 

D 

i -! 


t -^ 



B 


03 6 91213 18 2124 

Hours 


Fig. 5, Relative rate of O2 absorption of Elodea in solutions of ether. 
Curve A, 1.5 per cent; B, 3 per cent; C, 5 per cent; D, 8 per cent. 



0 3 6 9 la 15 18 21 24 


Hours 

Fig. 6 . Relative change of pH of solutions of ether in which Elodea 
had been kept for 3 hour periods. Curve A, 1.5 per cent; B, 3 per cent; 
C, 5 per cent; D, 8 per cent. 

solution the cells were plasmolyzed (false plasmolysis), and after 
24 hours immersion disintegration of the cell structures had set 
in. In the 5 per cent solution most of the cells were plasmo¬ 
lyzed after 2 hours. The relative size of the chloroplasts after 3 







0 20 40 60 80 100 120 

Minutes 


Fig. 7. Diffusion of chlorides from Blodea in solutions of ether during 
six 20 minute periods. Curve A, 1,5 per cent; B, 3 per cent; 5 per cent; 
D, 8 per cent. 
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Fig. 8. Rate of protoplasmic rotation in Elodea in solutions of ether. 
Curve A, 1,5 per cent; B, 3 per cent; C, 5 per cent; D, 8 per cent. 


hours in the various concentrations of ether is shown in Fig. 9, 
Nos. 2 to 5. 

In tlie experiments with chloroform the differences between 
rates of respiration as determined by O 2 consumption and by 
change of pH are similar to those which occurred in alcohol. In 
the most concentrated solution (0.3 per cent) the greatest change 
in pH occurred; while O 2 consumption was less than that in the 



Fig, 9. Camera hicida di’awing of Elodea cells. No. 1, normal cell; 
No. 2, cell exposed 2 hours to 1.5 per cei|t ether; No. 3, cell exposed 2 
hours to 3 per cent ether; No. 4, cell exposed 2 hours to 5 per cent ether: 
No. 5, coll exposed 2 lioiirs to 8 per cent ether; No. 6, cell exposed 24 hours 
to 0.1 per cent chloretouc. 
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■ Fig. 10. Rate of O 2 absorption of Blodea in solutions of chloroform. 
Curve A, 0.05 per cent; B, 0.15 i)er cent; C, 0.30 per cent (Table 1). 


1.5 per cent solution (Tables I and III and Figs. 10 and 11). 
Rate of diffusion of chlorides from the cell was increased in all 
the solutions (Table IV and Fig. 12), but in none of them did it 
reach as high a figure as with alcohol or ether. In the 0.3 per 
cent solution exosmosis practically stopped after immersion for 
40 minutes, showing that diffusion does not continue very long 
after the death of the cell. 

Rotation stopped after immersion for 2 minutes in 0.3 per cent 
chloroform (Fig. 13, Curve C), but when the plant was returned 



Hours 

Fig. 11. Relative change of pH of solutions of chloroform in which 
Elodea had been immersed for 3 hour periods, Curve A, 0.05 per cent; 
B, 0.15 per cent; C, 0.30 per cent. 
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1:,o wat(^r it rcMppeared at the end of 2 minutes. After 4 miiiiites 
ill 0.3 (‘.(uit chloroform it required 45 minutes for rotation to 

jxvtura ir) noi’inal, and after l,)eing immersed for 10 minutes tlie 
c,(^lls were irreversildy plasmoly^ied and the pigment was largely 


II 



fO 




Minutes 


Fkj. 12. Diffusion of chlorides from Elodea in solutions of chloroform 
for six 20 minute periods. Curve A, 0.05 per cent; B, 0.15 per cent; C, 
0.20 ],)er cent. 
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Fig. 13. Rate of protoplasmic rotation in Blodea in solutions of cliloro- 
form. Curve A, 0.05 per cent; B, 0.15 per cent; C, 0.30 per cent. 

extracted from the chloroplasts. In both 0.15 (Curve B) and 
0.3 p(3r cent solutions of (ihloroform no photosynthesis occurred. 
In the latterj after 10 minutes immersion, photosynthesis did not 
reappear when the plant w^as returned to tai) water, but in th.e 
0.15 per cent solution photosynthesis reappeared even after 9 
hours immersion. 

In 0.1 per cent chloretonc (Fig. 14, Curve B) respiration, 
measured by O 2 consumption, decreased immediately t*o a very 
low level, less than 25 per cent of tlie normal, but was completely 
reversit3]e, resuming its original rate within 30 minutes aider 



Fig. 14. Relative rate of O 2 absorption by Blodea, Curve A, 0.05 per 
cent chloretone; B, 0.1 per cent chloi*etoiie. 
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Fig. 15. Relative cliaoge of pll of solutions of chloretone during 3 lioiir 
poriodw. Curve A, 0.05 per cent; B, 0.1 per cent; B' is from another ex- 
periinent with plant not growing rapidly. 


Ifoing returned to tap water. COo production in 0.1 per cent 
clilorctone (Fig. 15, Curve B) increased at first and then gradu¬ 
ally loll l)elow the normal. When tips of Elodea were growing 
less rapidly, the acceleration was much less marked, and the 
level reached after 24. hours considerably lower, as shown in 
Fig. 15, Curve where it was 25 per cent of the normal Even 
in this case, liowevcr, the condition was reversible. In cases of 
still less vigorous stalks, no acceleration took place, and these 
also were apparently uninjured by the anesthetic. Table VIII 
gives an (example. 

2‘1 hours in 0.1 per cent chloretone the cells usually wore 
mor(‘ or k^ss plasinol,yj5(Hl (Fig. 0, No. G). The chloroplasts, 
although of normal sijio, >showcMi no rotation and did not change 


TABLE vni. 


Tiim\ 

licaction in water. 

Reaction in 0.1 xjereent 
chloretone solution 

min. 

pH 

vJ{ 

0 

7.80 

7.65 

30 

7.75 

7.G5 

60 

7.70 

7.60 

120 

7.00 

7.55 

180 

7.50 

7,45 

360 

7.20 

7.40 
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position tlio [)kmt was placed in strong sunlight. 

1 lioiir a;ft(“r returning to ta]) water, howeve.r, all trace of u.ik^s- 
tlicsia disappeaiXMl Fig. 10 shows e^xosmosis of chlorides, and Fig. 
17 rat(3 of protoplasmic rotation, under tlie inducncci of the 
chloretono solutions. 

In Table IX are talnilated the ratios of the various cell activi¬ 
ties. Figures for O 2 consumption, change in pH by CO 2 produc- 
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Fig. 16. Diffusion of chlorides during six 20 minute periods. Curve 
A, 0.05 per cent; B, 0.1 per cent chloretone. 



Fig. 17. Hate of protoplasmic rotation in solutions of chloretone, 
Curve A, 0.05 per cent; B, 0.1 per cent. 


tion, protoplasmic rotation, and size of chloroplasta are taken 
from Tables I, III, V, and VII, respectively. Time of immer¬ 
sion in each case was 3 hours. Since the data in Tables IV and 
VI on photosynthesis and diffusion of chlorides were obtained 
after shorter intervals, the figures presented here have been taken 
from other experiments in which the period of treatment was for 
3 hours. 
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Tlic only solution,s which did not cause increase in rate of 
rc^spiratioii, as measured l;)y the O 2 consumption, were 15 per cent 
aJc.ohol and Otl. pta‘ cent chloretono. In ,the former the plant 
wa,s kiihM,! almost) instantly, l.)ut in the latter the inhibition was 

TABLE IX. 

Ratios 0 / the Rale of the Various Cell Processes, during $ Hrs, Anesthesia, to 
the Normal Condition Taken as the Standard, and Expressed as 1. 


Figures under ‘'Photosynthesis^' and “Diffusion" taken from data not 
presented in the tables. Other data from Tables I, III, V, and VII. 


Solution. 

Concen¬ 

tration. 

O2 consump¬ 
tion. 

W 

ft 

Rotation. 

Photosyn¬ 

thesis. 

Size of 
chloro- 
plasts. 

Diffusion. 

Irreversible changes. 


per 









cent 








Water. 


1 

1 

1 

1 

1 

1 


Alcohol. 

0.50 




0.94 

1.00 

1.0 



1.00 

1.12 

1 . 00 + 

1.00 

0,75 

1.00 

1.0 



1.50 

1.35 

1.25 

1 . 05 i 

0.62 

‘ 0.99 

1.5 



3.00 

1.89 

1.40 

1.35 

0.44 

0.79 

5.0 



6.00 

1.63 

il .75 

0.71 

0.00 

0.52 

20.0 



15.00 

0.83 

> 2.00 

0.00 

0.00 

0.44 

35.0 

Piasmolysis. 

Ether. 

1.50 

1.50 

1.17 

0.90 

0.49 

0.76 

2.0 



; 3.00 

1.86 

1.33 

0.30 

0.12 

0.68 

10.0 



5.00 

1.69 

1.83 

0.00 

0.00 

0.56 

30.0 

Rotation stopped. 


8.00 

1.29 

2.25 

1 

0.00 

0.00 

0.36 

35.0 

Piasmolysis. 

Chloroform. 

0.05 

1.13 

1.00 

1.30 

0.47 

0,91 

15.0 


1 

0 . 15 ^ 

1.63 

2.00 

0.00 

0.00 

0.54 

20.0 

f Piasmolysis. 


0.30 

1.38 

3.00 

0.00 

0.00 j 

0.37 

25.0 

< Photosynthesis 









[ stopped. 

Chloreto,nc. 

0.05 

1.17 

1.50 

0.71 

1.00 

1.00 

1.5 



0.10 

0.50 

1.62 

0.00 

1.00 

0.99 

7.5 



completely reversible. Hence no general rule seems to hold for 
all the anesthetics employed. In all cases the change of hydro¬ 
gen ion concentration due to CO 2 production increased in higher 
concentrations of the anesthetic, and was greatest in the cells 
that were injured beyond recovery. In the 6 per cent alcohol. 
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cliaiigo of pH was iii(;roas(.u'l to 1.75 tinios iioi'iiial for thc^ first; 
6 hours (Tal)l(^ HI). TIh'.so ch^'IIs sIiowcmI sonic sif 2 ;ns of injury; 
when the tif) of Elodai w^‘ls not ^■ery A'igorovis, tlie Icavns were 
killed, and even in rapidly growing' lips some of less vigorous 
cells were irroversiliy plasmoh^zed. filie 5 per cent otluir caused 
a change of pH 1.83 times that of the control by the end of the 
first 3 hours, and the cells were injured lieyoiid recovery. The 
0.1 per cent chlorefcone caused only a slightly greater COa 1)1*0(1110“ 
tioii, as measured by the change in pH, than did the 0.05 per cent 
solution. The cells were markedly affected by the anestlietic, 
many were plasmolyzed, in all of them rotation had stopped, 
and the chloroplasts did not change position wh.cn the plants 
were placed in. the sunlight. 

In each anesthetic, the solution of greatest concentration 
caused the greatest change in pH, wheteas the amount of oxygen 
used increased through the lower concentrations of the anesthetic, 
reached a maximum in the solution just failing to cause perma¬ 
nent injury to the cell, and then decreased in those causing 
irreversible changes. Such an effect indicates that in respiration 
at least two separate processes must be involved. It is possible 
that the cells in strong concentrations of anesthetics more or less 
completely lose their power to take up oxygen (due to injury). 

The 0.1 per cent solution of chloretone was the only one in 
which rotation was completely stopped before the cell was irre¬ 
versibly injured. In all cases, however, the leaf cells seemed to 
react to the anesthetic much moui roiulily tlian the stem colls, 
so that there was considerable variation as to this point oven in 
a single leaf. In the 3 per cent ether and tlu^. 0.15 pm* ccuit chloro¬ 
form, for instance, most of the movearumt was conihuu! to tlie 
cells of the midrib. The leaf cells, however, r(MU)V(vri‘{l upon 
being returned to tap water. 

Photosynthesis seems to be the most readily affected of any 
of the cell processes by alcohol, ether, and chlorof()mi; bid; as 
these are all well known solvents of chlorophyll, siicli a result is 
probably to be expected. Decrease of sim of tlu? chloroplasts 
was increasingly evident in the more concentrated solutions of 
the three anesthetics, and it may be significant that in each 
case photosynthesis stopped when the chloroplasts became re¬ 
duced to about one-half their normal size. In the 5 per cent 
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ether die ccjIIs were killcM;!; but in the 6 per cent alcohol and the 
0.05 pen* (?ei.it (ihloroform the cluinge was reversible. 

Difhisiori of chlorides from the cell was enormously increased 
in all tliosii cases whore the plant was injured beyond recovery; 
ejj,^ in 15 per cent alcohol, thirty-five times that in water; in 5 
|)cn‘ (xn'it etlier, thirty times that in water; in 8 per cent ether, 
tliirty-five times that in w^ater; and in 0.3 per cent chloroform, 
twenty-five times that in water. Both 6 per cent alcohol and 
0.15 per cent chloroform caused diffusion of chlorides twenty 
times that of the control. These two solutions seemed to pro- 
<]uce about the same degree of change in all the cell processes and 
to leave the cell afterwards in a very similar condition. In those 
casi^s where rate of diffusion was ten times the normal or less, no 
pminanent injury resulted. 

Experiments on the Marine Jellyfish, Cassiopea. 

In determining the rate of respiration, four jellyfish with 
manuljiia and nerve centers removed (15 cm. in diameter) were 
placed in sea water in a tightly sealed jar of 1 liter capacity and 
rotated in a thermostat for 1 hotir in the total absence of light 
(to prevent photosynthesis by symbiotic plant cells). Control 
of temperature and O 2 content of the medium from the moment 
of starting the experiment was accomplished in the following 
manner. The thermostat was very large and was filled with 
fresh sea water heated quickly to the temperature of 30° by a 
specdal d(wiee (the sea being at 28“"29°). The pH was rapidly 
dxdx'.rmincd colorimetrically and the jellyfish and jar were placed 
in iih(5 thermostat. The bottle containing the sample of water 
was sunk in the thermostat, the jellyfish were quickly placed in 
ih(; jar, and the rotation was started. The water sample bottle was 
ri'inovecl and its contiaits were titrated witli thiosulfate, after 
wliich it was filled with pure mercury, and a two-hole rubber 
stopper with two tubes was inserted in place of the glass stopper. 
At the end of the hour the jar was opened and one of the tubes 
from the sample bottle inserted to the bottom. On inverting 
the bottle, the mercury ran out of one tube and thus sucked in 
water from the bottom of the jar through the other, without 
gaseous exchange with air. Since the jellyfish remained in the 
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jar during the operation, and respiration continued, cixtrenio 
rapidity had to be employed in filling the l)ottlc. The sam|)l(^' 
for pH determination was merely dip]oecl out ot the jar, in a 
beaker, as it was found that an^?^ change that might occur tlirougli 
iiioiiientary contact with air was incapable of measured 

under these conditions, in which the difference of CO 2 tt^nsioii in 
the water and air was a small fraction of a millimeter of nibi’rauy. 

Owing to the fact that the Tortugas Laboratory closed unit.^ii~ 
ally early, the experiments were conffnecl to the effects of ctli^i* 
and of CO 2 . It ’was found that the neuromuscular system of the ^ 
umbrella of Cassiopea was prevented from responding to electrical 
stimuli by the addition of 0.5 per cent or more ether to the me¬ 
dium. The respiratory quotient was found to be about 0.95, and, 
since the oxygen data are more accurate than the CO 2 determi¬ 
nations, only the former are given. In no case wurs the C )2 con¬ 
centration at the end of an experiment reduced more than 50 
per cent in the medium (5 cc. per liter at the beginning of experi¬ 
ment and more than 2.5 cc. at the end). 

It had previously been showm that the rate of O 2 consumption 
depended on O 2 concentration,^ and therefore the attempt was 
made to have the O 2 concentration the same at the beginning of 
all experiments. This was not always realized, however. Ethcn* 
was mixed with the sea water in two 10 liter glass-stoppcred 
bottles that were filled so completely as to exclude air bubbles. 
As the ether dissolved, a vacuum was produced and air bubl)l(Hl 
out of the water to fill this space. The O 2 content of the wniter 
was reduced 25 per cent (or less), which, according to previous 
experiments, should decrease O 2 consumption 10 per cent (or less). 
Since 0.1° error in temperature makes a change^, in O 2 consiiniption 
of about 2.5 per cent and the error in titration may I)e 3 per cent, 
and since a small error occurs in taking the water samphvs, the', 
probable error of an experiment may be nearly 10 per cent. lii 
would be superfluous, therefore, to apply corrections of less i-han 
10 per cent for decreased O 2 tension. In Table X the figiirc^s 
in bold-faced type have been raised 10 per cent to correct for 25 

^ McClendon, J. F., J. Biol, Chem.j 1917, xxxii, 291 (table). The state¬ 
ments to the contrary in summaries by the same author (McClendon, J. F., 

J, Biol. Chem., 1920, xli, p. Ixiv; Year Book of the Carnegie Inst, Washing¬ 
ton, 1919, xviii, 203) are erroneous. 
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TABLE X. 


of ether. 

0.5 

1.0 

1,0 

1.0 

2.0 

2.0 

3.0 4.0 

(")•! uscui (eoiitroll, cc . 

2,4 

2.4 

l.S 

2.7 

2.2 

2.1 

1,3 2.1 

“ ill, edier, ec . 

2.4 

2.4 

1.8 

2.7 

2.0 

2.2 

1.2 1.3 

liiitio with, control. 

1.0 

1.0 

1.0 

1.0 

0.9 

1.05 

1.0 0.6 


pc^r lowering in Oo concentration; the pH was 8.2 at the 
l)egiiining of c^ach experiment. 

lire animal died in 4 per cent ether and hence the time of 
rf‘,sf)irai:ion was less than in the control and the experiment must 
he disregarded. In the remaining experiments, only one (in 
2 pen* cent ether) shows a variation from the control of as much 
as 10 ])(‘r cent. Since 10 per cent seems to be within the limit of 
('iTor, tli('. expin’inients do not show a change of O 2 consumption 
during aiu^sihcsia with ether. 

(M )2 luis beem used to anesthetize marine animals and seems to 
l)c> morc^ efhvd'ivc than ether, as the latter sthniilates certain cells 
as (wddcmced l)y the discharge of mucus. CO 2 was added to sea 
wai(U' in a Sparklet fountain and mixtures were made of 10, 20,. 
00, 40, and 50 per cent of this carbonated water with water taken 
directly from tlic sea. A correction should be made for lowered 
(>2 content of the carbonated water, as is done in Table XI under 
^‘corrected data.^^ 


TABLE XI. 


pH. 

i 6.6 

0.3 

5.8 

i 5.7 

t 5.5 

Total CO 2 per liter, cc . 

CS 

73 

SO 

82 

85 

O 2 used in carbonated water, cc,.. 

2.0 

1.0 

l.G 

0.7 

0.4 

O 2 (corrected 

di.vta), (T ... 

2.0 

1.9 

1.8 

1.0 

0.5 

Oaused in control (pH = 8.2, CO 2 = 44), cc. 

2.1 

2.1 

2.6 

1.7 

1.7 

Ratio to C(,)ntr<)l. 

0.95 

0.90 

0,69 

0.59 

0.29 


It, may l)c stx'n from l^'able XI that tlie progre^ssive decrease in 
O 2 (‘.onsumptioji with increase in CO 2 is certainly far beyond the 
limit of error of the mctliod. The addition of tlio gas to sea water 
increases the concentration of CO 2 molecules, HCO 3 ions, and H 
ions. In the experiments recorded in Table XII, HCl was added 
to sea water to determine whether the H ions were entirely 
responsible for the decreased O 2 consumption. The O 2 content 
was not altered. 


THliJ .lOlJKNAXi (M' WOLCKHCAL CUKRUHTUV, VOX.. XUl, NO, 3 
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TABLE XII. 

pH after adding HCl. 

O 2 used after HCl was added, er . 

O 2 ill control (pH = 8.2), cc. 

Eatio to control. 


0.0 

5.8 

2.0 

1.3 

2.1 

1.0 

0.95 

0.60 


It may be seen that the difference between the action of CO 2 
gas (Table XI) and HCl which liberates CO 2 from carbonates 
(Table XII) is nil or at least far within the limit of error of the 
experiments. The experiments recorded in Table XIII were 
made by adding enough HCl to neutralize exactly the alkaline 
resert^'e, after which we boiled off the CO 2 and increased the li 
ion concentration by addition of traces of phosphoric acid (not 
sufficient to be toxic). 


TABLE XIIL 


O 2 used at pH ~ 8.2 (control), cc . 2.9 

O 2 pH - 5.8 (COa-poor), cc. 2.7 

Ratio to control. 0.93 


It may be inferred from Table XIII that by changing the pH 
to 5.8 without increase of CO 2 respiration was not depressed 
(93 per cent of the control being within the limit of error of the 
method). This experiment was performed with the most ex¬ 
treme care since it was evident that time would not be available 
for a repetition of it. It indicates that H ions are not the only 
factor in depressing respiration, and the CO 2 molecules or ions arc^ 
depressants. Perhaps the CO 2 inhibits respiration by acting as 
the end-product in a reversible reaction. The fact that rcspii’a.- 
tion in Cassiopea varies directly with O 2 concentration indictatc^s 
that oxidation is a simpler phenomenon in this animal tlian in 
those organisms in which CO 2 production is irion^ or less iiid(‘- 
pendent of O 2 consumption. 










STUDIES IN NUTRITION. 


IV. THE NUTRITIVE VALUE OF PEANUT FLOUR AS 
A SUPPLEMENT TO WHEAT FLOUR. 

By carl 0. JOHNS anb A. J. FINKS. 

{From the Protein Investigation Laboratory, Bureau, of Chemistry, United 
States Department of Agriculture, Washington.) 

(Received for publication, May 28, 1920.) 

Viiltiabl(3 stTulies on the milling products of wheat have been 
made by Osborne and Mendel (1) who have showm that cominer- 
vAiil patent wheat flour is deficient in water-soluble vitamine as 
well as in the quality of its protein mixture. Voegtlin, Lake, 
and Myers (2) have also shown that “patent^^ and “highly 
millecF^ wlieat flours are deficient in water-soluble vitamine and 
recommend the use of whole wheat flours. 

As will be shown later, bread made from “war flour'^ which 
contained 74 per cent of the wheat kernel furnished sufficient 
water-soluble vitamine for normal growth of albino rats provided 
the other essentials of a complete diet were supplied. However, 
l)nml made from “war fiour^^ lacks an efficient mixture of pro¬ 
teins; even when supplemented with the other non-protein 
ingredients of a complete diet it enables albino rats to grow at 
only one-third to two-thirds of the normal rate. Broad made 
from patent flour which is more comindnly ’used is a still poorer 
food. 

We luive found that peanut flour is an efficient and palatable 
supplomcuit to wheat flour. Peanut flour is made by grinding 
tlic^ press-cake which is obtained as a by-product when shelled 
peanuts are pressed to produce peanut oil. Such a flour contains 
about 7 per cent of fat and 50 per cent of proteins. The protein 
content of the peanut flour is therefore from four to five^ times as 
high as in wheat flour. Peanut press-cake has been used as a cattle 
feed and to some extent as a fertilizer because its great value as 
a human food has not been generally understood. The value of 

669 
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tlic proteins of peiuiut liavo been, (iem oust .rated by c}if^]rii<j*al 
■work (3_, 4) and l)y luitrition (;x])eriinont8 p(',rfo,!'in(‘(l by Da.inels 
and Longhllii (5), (Xsl.>onic and Mcmdel/ and the writ.tn’S.“ llolna^s 
(6) lias also shown that tla^ I'yroteins, fats, a,rul (!a,r})oliydrai'.es of 
peanut flour are easily di^*ested liy liunuin suldjCHd.s. Vcaw 
palatable bread can bo made from wheat flour to whicdi from 15 
to 25 per cent of peanut flour has ]')ccn added. Sueli bnard is 
rich in water-solul,)]c vitamine and contains a prot^oin mixture 
adequate for normal growth at a cost of less tlian one-fifi li of the 
cost of proteins derived from animal sources. 

A bread hfis also l)ecn prepai'ed which contains the |.)rot(3ins, 
salts, and vitamincs ncaxled for the normal growth of id1)ino rats. 
With, this it lias been found possible to obtain normal gr(.)wth (,)ii 
a diet of only broad and water. 

WhcM Flour Used in Experiments .—Two typcis of wheat Hour 
W’ere used to prepare the liroads described herein. One was a 
^Svar fl.our’’ containing about 74 per cent of the wheat kernel 
and this will be designated as Flour A. This contained 0.56 per 
cent of ash and 2.01 per cent nitrogen. The second type, 
designated as Flour B, was especially milled for another project. 
It was made from Kansas hard wheat and was assembled from 
mill stream middlings Nos. 1, 2, 3,4, 5, and one-half of No. 6 and 
sibling stocks. This flour contained 0.55 per cent of ash and 2.11 
per cent of nitrogen. 

Bread Used in Experiments .—Breads iverc made from tlu’ 
wlieat flour alone and from mixtures of tli(3 wlic^at flours and 
peanut flour. Bread made fi'om 25 ])arts of ])('.anut flour and 
75 parts of wheat flour will be dcsignatod tis 25 per c(vat, |>caiuit 
bread, while that made from 15 parts of pea-nut flour and 85 pa,rts 
of wheat flour will bo called 15 pea* C(ait p(ianut brc^axl. 

The breads’^ were made according to the following foriiinla. 


im. 

Flour. ICO 

Compressed yeast. 10 

Granulated sugar. 10 

Table salt. 6 

Water. 228 


^ Private communication. 

2 Unpublished data. 

The bread used in this experiment was made by Miss Pearl A. Bern¬ 
hardt of the Protein Investigation Laboratory, Bureau of Chemistry. 
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11K* a.bfivc' (|Ha.ijtiti(vs wwo iisod for one loaf and ten. siicb, 
loaA'c^s WiMv. hak(Mi tinna Tlu* salt and siiga:!’ w(‘ro <]issolve(i 
in die. wa.ler a.nd solution was rnixod with tla^ ,yoa,.st. This 

suspension was inixcal ih(,)rouf»'li,ly with the flour and the 

i’(\suh,in,ii: (loii^li was h,a,lulled in tlio iisiiat niainua*. The pciiniit 
hrearls \v(‘r(‘. :ina,<lt‘. in tlu^ same way xisiiiji; the propcw ]')r()])ortioiis 
of wh,(\at and p(\annt hour and mixing* t<hes(.i carefully. After 
baking, tJie bn^ad was slicial, dried at 00°C., and ground to a 
ixnvder whidi was used for ])re|)aring the diets. 

(■(flculatioa of ihe Protein Content, of the Breads. —The iiercent- 
age of r)rot('in in the liroad was calculated by multiplying the 
f)(U’(*(‘nt.age of .nitr(.)gen found b,y »5.7. This is the. factor used for 
glia,din in wtuait and is also luairly the facdor for convcvrtingiiitro- 
gcii to |)r()t(‘in in tlu^ peanut ])roteins 05)- 
Crowth ()hi/imed on Wheat Bread. —hlxpt'rinumts were p<u> 
fonned witii bread made wholly from eitlier Flour A or li^ as 
pi’eviously deserilxal. The di(d,s were composed of 80 parts of 
dried bread, lO parts of butter fat, and 4 parts of a salt mixture.'^ 
Tile rats fed on tlie diet containing l>rea,d from Flour A grew 
approxinia/tely one-third to two-thirds of tiie normal rate. (3f 
six rats used four were, kept on this diet for from 270 to 3,15 days 
whem th(^ experiment was discontinued. One of tlu3 other rtits 
hc^gaii to decline after growing for about IbO days. Another one 
died at the end of lOO days. Tlic growth ciirv(3S are shown in 
(llairts 1 and 2. 

Ilie fnilure of th('. rats to grow normally was not due to a 
d(‘ficit, of water-solublt^ vhamine siiicci norimd growili was ob™ 
iMiiuMl wluvn 12 |)(‘r (umt of |)urifu‘d casdn repia(*ed an equivalent 
amount of bread in the diet. Sirua^ yiaist contains Avatm-soliible 

I'fui <ieui|K>sii,i()n ef i!u< ,sa.li/ iidxtunj used iti niiions dcscrilHid fioroiu is 
tt'ie Hjuiui as Unit us(3d by Osborne and Mendel in tluvir (ixperiinentaldiets. 
Bee 0.sl,)orru‘, T. ,B., andM,endel, L. Ik, J. Bi<d. (Jhcni., 11)17, xxxii, 374. 


(/m. gm. 


CtiCih . 

. lU.H 

Citric acid + ihO. 

111,1 

MgOOs. 

. 24.2 

Fe citrate + li .i'laO... 

.. 6.34 

Na-CO-j. 

. 34.2 

Kl . 

.. 0.020 

K,CO«... 

. 141.3 

Mn804.. 

.. 0.070 

irr,P04... 

. 103.2 

NaF..... 

.. 0.248 

IICI. 

. 53.4 

KaAWSOi).. 

.. 0.0245 

H '2804 . 

.. 0.2 
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vitamine none was incorporated in the bread used for this experi¬ 
ment. The growth curves obtained are shown in Chart 8. 

Growth Obtained on 25 Per Cent Peanut Bread .—Two di(f('r(uit 
diets were prepared from this bread, one containing from Ki.B to 



Chart 1 . 



Chart 2. 












C. 0, Johns and A. J. Finks 


573 


likB per cent mid tlie oilier 10 per cent of protein. The rats fed 
on tlie dicdiS containing .10,3 or 1(>.8 per cent of protein grew 
norinaily. Tlu^ caiinposition of the diet and the growth curves 




ClIAXiT 4. 
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lire sliowii in Cluirt 4. TIk^ diet containiniu; 10 nl* prot(‘i!i 

was prepaxcM.! I>y !’ef)hi<vin^* a part of tlu'. hixuul with staJH^h. Hiis 
also prodiK^cd rioriual growtli but witli a, s'liglit rc‘iai’ila4ion durini*; 
tlic^ first bnv wcM’dcs. Tlie results a,re sliown in C^'hari ri„ 

Vlui excellent |»;rowilii. obtaiiujd on this diet eoniaiiiinj.!; but 10 
fier cent of proi.eiiis derived from lu’C'ad rnadc^ with a, mixt,ur(‘ of 
peanut flour and wheat flour in contrast with, tlu^ poortu* i!;.rowlli 
on a wheat bread di(it which also contain(‘d 10 pea* (aait of |)'ro™ 
teiiis^ shows clearly the. BU]>eri,oriiv of the pianmt lu'ead. 



Growth Ohiained on 15 Per Cent Peanut Bread--A di(^t uais 
prepared from this l)read and contaiiUMl 14 \mr ciarl. of p,roiein. 
Th(3 rtits fed on this diet f»;rcw tit almost a normal a.s shown 
by the curves in Cliari (h 

Efficiency of the Proteins in the Different Bre(idsr--D\irmii, tlui 
course of these cxperinicni-s the food intake,^s W(‘r(5 recordcul in 
order to establish index numJ)ers that would jji;ivo i.hci ralj,o of t^lu.^ 
gains in weight to the grams of protein ing'cstcd. 

Ill doing this wo have followed the procedure suggx'si.ed l)y 
Osborne, Me.Tidel, and Ferry (7). It is to be understood that t-hc 
I’atios obtained by us g,ive only'approximate results. diets 
varied somewhat in calorific value which influenced the quantity 
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of food Tlio riitcss at which (liihox^nt nits g;r()W vary 

cuiisidora.hly and inon^ aj^<*.urates results (^ould have been obtained 
hy iisiii. 1 !; !iio!‘(* ajiiiuais in (‘a(^{i of the (Experiments. Wce tliink, 
iHFWJvvor,, fhjit tl)(E (H)mpa,rativv dai.a, in Tahles I and II 

show' '('luit a, 'uiixtunE of wduEad and I'XEanut flour furnishes more 
cllicifud, pro('j‘iiis ti.uin those found in wheat, flour alone. It is 
aiso a,|)pa,r(mt. tharl tiic proteins of th(E peanut irreads are much 
Ijeiiier uiiliz{Hi than tboso in the wheat broad. 



days" 


CJirAKT (). 

BlfMMAEV, 

1, A diet (iontaijiiag Iwead mad(E from whcEat flour (74 pcEr cent 
(wira.ei.iou) wIueu hal, to albino rahs as tlm only soure.e of prolieiu 
aiid wa,lnjssolubl(E viidimine, togcElher wi'ih, an j'wle(|uat(E inorpini<E 
sail. mixi-urcE a,nd buttdEr fa.t, ])ro(l'u<;tE(l only al>out oiKE-tliird 'i,o 
two-thirds of norun'il growth,. 

2. IlrcEad iisadcE wdth. a 'mix’t.uriE of 25 pari.s of pcjaiimt flour n,n('l 
75 f)art':H of w!wa,t floui* furnishtEd a.d(,E(iuat(E pro'lxEius and wahcEr- 
sc)lubl(E vii;ainin(E for normal growth,. A similar bread conttiining 
15 parts of pcxiiud. flour and So |')arts of whtEat; flour contained 
protcEins and sufficicEUt wat(,Er-solu])lo vitamino for growth at vcEiy 
n(Ea.rly tire iioiinai rate. 










TABLE I. 

Gain of Body Wdght Per Gm, of Ingested Protein Furnished by 15 and 25 Per Gent Peanut Bread and Wheat Bread 

(War Flour). 
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M, WiK'M.t I'loiir 1,74 pen* ciuit. (^xlira.(4>ioti) coai.aiiis siiffifioiit 

IVh* Mu^. n<u'in.;U .ii:rnvrt,h of aJhiiio rats. 

4'. 'T!a‘ }a‘MU‘i!is in i.ht*. pna.nut hnawl won', utiiizo.d tdniost. twiia', 
as \v(‘ll n-s (hns(‘ oonlainod in Ukj wlunit broinl. 
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A METABOLIC STUDY OF AMYOTOMIA CONGENITA, 

Ur IVIlLDllED It ZIEGLER and N. 0. PEARCE. 

(Fnyni ///<^ Departmeid of Pediatrics, University of Minnesota, Minneapolis,) 


Plates 5 and 6, 

(Reoinved for pu])lication, May 13, 1920.) 

The condition of amyotonia congenita is generally defined as a 
diseascj beginning at or before birth or in early infancy, probably 
due to a congenital developmental defect of the lower motor 
neurons and of the', voluntary muscles. Clinically it is character- 
ij5(}d by wciakness, liypotonia, and quantitatively diminished clcc- 
iadcal response in tlic muscles, usually without disturbance of 
sensation or mentality. The literature is reviewed by Reuben 
(1) and J,^'’a!>cr (2). 

Review of the literature on the subject reveals only three references 
conoertung the chemistry of Oppenheim^s disease, Spriggs (3) published 
the first cliemical research, making a study of the creatinine and uric acid 
excretion. By comparing his results obtained from an experiment with 
a boy suffering from Oppenheim's disease with a normal boy of the same 
age an<l practically the same weight, he showed that the creatinine excre¬ 
tion is diminished to less than one-half the normal figure while the uric acid 
remains normaL KSpriggs statement concerning creatinine was confirmed 
in 1912 by (fittings and Pemberton (4), who also established a normal cal- 
<jium retention. The case studied by Powis and Rapor (5) which was asso- 
<viated wiili some nutritional disturbance and acholia was decidedly 
<lifferent from those eases previously mentioned. They found alowcrcati- 
niiio excretion associated with a high creatine excretion, a normal cal¬ 
cium retention, and a relatively high potassium retention. 

Our case, W.iL, showed the classical symptomatology described 
by Reuben (1) and Faber (2)* 

He is 3i years old and of American nationality. He speaks somewhat 
slowly with a slight quaver in his voice as though there was difficulty in 
articulation. At 9 months he was able to sit up if helped and supported 
but has at no time been able to raise himself voluntarily. When sitting 
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up if his head falls faickward he is unable to raise it again. iCe is inclined 
to be nervous, and cries easily and for long periods. 

The patient appeared to be overnourished, but was llnbf^y wdth a, gesn- 
oral lack of inuscular tone seeming to involve all the volunl-Jtry mus(‘.les 
of the bod3U His color was good. He was bright aavd inter(',st<ai in Ids 
siirroiindiiigs. A fine tremor of both hands upon the slightest exeii/ion 
resulted, but there were no spasms, twitchings, choreaform movements, or 
convulsions. The patient was able to perform the natural movements "with 
both arms and legs within narrow limits, but only in a weak and uncertain 
manner. 

The hemoglobin was 94 per cent. White blood cells 10,000, red blood cells 
4,800,000. Polymorphonuclear cells 41 i)cr cent. Lyrnpli cells 50 per cent. 
Largo mononuclear 1. Transitional 2. Eosinophils ?>. There was no 
resi)onsc to electrical stimulus under 5 milliamperes, A snuill piece ^of 
muscle was obtained and sections were cut in parafhn. Only a r(ne libers of 
normal sis^o were found in the sections. These occurred for the most ])art 
in a single grou].-) but a few were scattered throughout the secition. Nearly 
all the fibers were greatly reduced in size, the diameter being usually about 
one-tenth, that of the normal. Many muscle fasehndi (iontained only a,tro¬ 
phic fibers. The fibers showed no abnormality except a decrease in size 
and an indistinctness of the fibrillre. Therewas no hyaline d(‘g(^nerjition or 
necrosis. The relative size and the arrangement of the atrophi<^ fibers 
may be seen in thei>hotomicrogTaphs (Figs. 1, 2, and 3), each of whicli con¬ 
tains one or more normal fibers. 

Treatment .—The patient has had cod liver oil and phosphorus over long 
periods previous to metabolic study, and has had a thorough test on thy¬ 
roid and a mixture of thyroid and pituitary glands without any ikdhute 
improvement. Under careful diet with rather large iimounts of ]>roi,cin, 
with oil rubs, expert massage, and carefully executed regular exercu'si^ and 
with the support of a light body brace, the patient has shown somi^ slight 
improvement in muscular status, lie suffered an a,cute a,tta(‘k of pmai™ 
monia in March, 1910, but made a normal recovery with no marktul change 
in his gcmeral condition. 

During the experimental period, which lasted a month, W. 11. was kep!> 
on a creatinine-frec diet. This period which commem^ed and (uuletl with n, 
favsting period waas followed liy a dose of charc.oak d'lu^ nu4bo<1 of Nhv- 
Crudden (6) for performing metabolism experimemts was rigidly ndlnu’cd 
to throughout by a special nurse. The food, feces, and urine were colhM'te(! 
for 24 hour periods from 0 a.m. to G a.m. The urim^ was anaJyzed daily 
except for January 25th to 2Gth, 27th to 28th, and February SIJi l;<» 91 h. 
On those daj^s the specimens for January 25th to 2Gth, 27tfi to 2SiJi, .and 
February 8th to 9th were mixed <and the daily average was ta-kmi. 'flie 
feces, which were combined in periods of 3 and 4 days, wairc^ analyzed aanl 
the average wms taken. The food analyses were also made in the sane* 
way. On the day the 24 hour period ended, the urine a-ualyses wcu'e 
made, the food and feces made acid with hydrochloric ruud, and IhcHe 
were put on the water bath to dry. 
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Acetone_..._ 

Aciclit^y.. 

Airunotiia. 

Asli..... 

CUiIorides. 

Creatiiie-crcatiniiie, 

. 

Niti’ogcn total.__ 

P}'ios|>hates.. 

Protein. 

Solids total. 

Sugar. 

Sulfates. 

TTrea. 

Uric acid. 


MeMoch of Analysis, 

.Rotliera’s qua!itative, 

and .H'upper’s qujuititativc. 

. ..Folin. 

.Folin macro-aeration. 

.Asldng dry solids in muffle. 

.Volbard-ArnolcL 

.;...Folin, 

..Soxhlet extraction. 

.... Kjeldahl. 

...Uranium acetate. 

.Heller’s ring. 

.Drying method. 

. .Benedict. 

.Folin. 

.....Plirnmer and Skelton. 

.Benedict and Hitchcock. 


The volumo of the urine (Ta.blc I) was reduced to about oiig« 
half th<^ nomial volume for a child 2 to 3 years of age. This was 
due to Hie fa,ct that the child was largely on a v<igetablc diet and 
perspired n great deal. I'o avoid any increase or variation in the 
nitrogemous elimination by flushing the tissues (7) the fluid intake 
was k<',pt as liigh and as nearly constant as possible. As W. H. 
Iiad no dtisire for food, it was very difficult to get him to eat or 
drink. Borne times IJ- hours were required to feed him a simple 
meal. Several weeks before this (experiment was started he was 
fasted for 2 days, but eveen aftca* that lie showed no craving for 
food. 

T!i(‘ ui'ine was always *acid, and contained no prot.ein or sugar. 
The indic-au fc'sf was m^gat'ivt', th(‘- intestinal piitrefacfl'.ioii 

was normal or els(^ no iiyptopluine or indole was fornuMl. 

A(*.eton(‘ was raamly pivseiit in fh<^ urine and cmly in small 
amomifs. If this conditioiris in any way analogous l;o caiiiohy- 
(Irate sl-arvaiion, an incrcas(^ of acetone should lie expectiul, at 
kaist sincjc tlKU’c is an a|)parent l)r(Riking down of thc^ tissues. The 
abseoce of accffaiiu^ inay be due to the relativc'^ly Ihgh. cjar bo hydrate 
contijnfc of thci diet compared with the prot.ein and fat. On 
examining the urinary sediment the only thing of interest found 
was the c;alcium pliosphate crystals. These were the dicalcium 
phosphate crystals which are common in anemia and diseases 
in wliich articulations are affected (8). The feces, which varied 
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in color from light to <ia,rk l)rowii, were iK‘Xii/nil or sliglit!}^ in 
reaction and containcxl lmlrol)ili'n]l>in. 

Tlie child wcighial 13*49 kilon at the lH\ginning of iilie iixpcniiiKmt 
and at the end 13*21 kilos. The approximate caloric intakes va-ricni 
from 700 to 1,400 calories per day; the average for thci f)frriod 
being 900 or about 53.5 calories per kilo of body weight. Accord¬ 
ing to Somnierfeld (9), this is-aboiit 25 calories k^ss per kilo than 
for a normal child of this age. 

Although the nitrogen balance (Table II) for the cvritire poriod 
was negative, there were several periods during the month in 
which nitrogen equilibrium was maintained. For tlie montli tlu^ 
loss of nitrogen was 9.7 gm. 

Canieror (10) has established ().()95 gm. of IbO;, as norma! 
urinary elimination for boys of 3 years of agxn Accoi'ding to 
this the average daily phosphorus metabolism is normal. 

The ash balance (Table II) for the period is iKgjit ive. 

Since protein is the source of the urinary sulfur as w(^H a.s nitro¬ 
gen (Tables III and IV), a parallelism, althougli not (^xact, can 
be expected in the daily variations of iiitrogcm and sulfur, dlie 
figures for neutral sulfur and undetermined nitrogen fulfill this 
expectation. The inorganic sulfates are slightly subnormal, 
while the organic and especially the neutral sulfur perccntng’os 
are high, as compared with Schwarz's figures (11) for a normal 5 
year boy (86 to 87 per cent inorganic sulfur, 4.0 |)(vr cent orga-nie, 
sulfur, and 7.8 per cent neutral sulfur). Weiss (12) Ihirdcs that 
most of the ncaitral sulfur is endogenous, filso tluit any condi¬ 
tion whicli causes a rise in tlu^ ncaif ral sulfur can In^ aJ4riI)Ute,d to 
destruction of l)ody prot<?iii. 

In the blood analysis Lyman’s method (13) was used for tlie 
determination of calcium; the ()ther mcdfuxils aiMridioso (Ies(a*il){al 
by Gradwohl (14), excerpt tliat a .l)ubosc<|, coloriinc^ter rcqilaccMl 
the Hellige. The low urea, figure which occurs in a fasting c,!C)ii- 
dition is the most significant (Table V). After 17 hours fjist 
in adults Schwartz and McGill (15) found 5 to 7.1 mg. of urtja 
N per 100 cc. of blood. Fasting also increases the blood sugar. 
No figures seem to be available for children of this agea Since 
the blood analysis applies to only one specimen of blood (sugar 
excepted) we do not lay stress on an interpretation of the results. 



TABLE III. 

Urinary Nitrogen Partition. 
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]\Ietaholism of Amyotonia Cong-eiiita 


TABLE IV, 

Vritiari) Sidfur PurtHian, 



i 





i'eni of iol;a1 HI hi. 
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0 .1«7 

55.52 

10.75 

33.72 

u 

16 
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TABLE V. 

Blood Aiialyms, 


par Ctnu 

6- 21 Suj2:ar...........0 i;i 

7- 1 ...L,0J4 

H-27 “ . 0.15 

my. fmr tOO i 
(&f Umi. 

Creatinine. l^fjO 

Creatine. 5^45 

Calcium. yjd 
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SUMMAHY. 

fa,cte observed in the metabolism of o, case of 
ndiryotniiia. eon[i:(aiii;a W(a*c: 

1, A lowinvd (;rc^atinin(‘. excretion, in addition to tlie excxeiioii 
(*r('‘aii!'u‘ on a low protein diet. 

2, A nornnd uric acid (excretion; th(>refore no iiiicleoprotciii 
broken down, 

3, An increased rest nitrogen, accompanied l')y an increased 
neutral sulfur. 

‘i. A normal plios|)liorus (excretion; therefore no bone disinte- 
graiion. 

6. A lowereil chloride excretion. 

AVe wisli to thank Dr. J, P. Sedgwick, who suggested the prob¬ 
lem, for hivS kindly interc^st in tlie research, 
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Metabolism of Amyotonia Congenita 


EXPLANATION OP PLATES. 

Plate 5. 

Fig. 1. Group of normal fibers with a number of atrophic fibers in the 
same fasciculus. Fasciculus of atrophic fibers on right. 

Plate 6. 

Fig. 2. High power photomicrograph of Fig. 1, showing atrophic and 
normal fibers in the same fasciculus. 

Fig. S, Fasciculus of atrophic fibers under moderately Ifigh magnifica¬ 
tion, One normal fiber. 
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